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INTENSIVE STUDY OF FIFTY CASES OF NEURO- 
CIRCULATORY ASTHENIA 


REPORT ON FIFTY CASES OF SO-CALLED CONSTITUTIONAL NEURO- 
CIRCULATORY ASTHENIA * 


ALFRED FRIEDLANDER, M.D. (Cincinnati) 
Major, M. C., U. S. Army, Chief of Medical Service, Base Hospital 
AND 
WILLIAM L. FREYHOF, M.D. (Cincinnat!) 
Captain, M. C., U. S. Army, Cardiovascular Specialist, Base Hospital 


CAMP SHERMAN, OHIO 


With the recognition of a cardiac class for remediable military 
recruits after the elimination of the unquestionably unfit, the so-called 
constitutional cardiac neurotic presents an extremely difficult problem. 
We have attempted to study intensively fifty such cases taken from 
all varieties of military service-men deemed unfit for overseas duty 
and who, in contradistinction to the possible infectious and functional 
group, were selected because of the constitutional or pre-enlistment 
nature of their complaint. This so-called neurocirculatory asthenic 
who reports for military duty has not been subjected to the strain of 
early training, nor has he recently suffered severe infection. He has 
complained of cardiac distress for years. He is made of poor material 
that has been constantly irritated. His start in life is only fair at best, 
and therefore, with added external and internal irritation he becomes 
a poorly disciplined waster of nervous energy. 

This group is particularly susceptible to external stimuli. These 
men have allowed themselves to spend their nervous energy so 
recklessly that they are constantly on the threshold of stimulation and 
any slight irritation, emotional or otherwise, pushes them over the 
border and they respond as recklessly as they have always been 
accustomed to. With this point in view we have not considered this 
condition a definite clinical entity. It just so happened that in the 
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business of sorting, these cardiac neurotics were grouped together. 
Knowing the external stimuli, an investigation was attempted to find 
and remove all foci of irritation of an internal nature. At the same 
time a system of exercise was adopted in which men passed from mild 
to higher grade exercises in conjunction with route marches of one to 
six miles with and without light and full pack. Five groups were 
established, and after three days the man was moved to a higher grade 
exercise under favorable circumstances along with games and com- 
petitive drills. At the outset it was impressed on the men that they 
were not patients, but men under strict military discipline. A com- 
petent drill sergeant lived with the men and became both their leader 
and adviser. Competition and special privileges, along with a certain 
amount of pride in the police of their barracks, soon brought out the 
best that was in them. With the men satisfied with their surroundings, 
doing work and playing games within their limit of tolerance, all 
external stimuli were easily controlled. At the same time the internal 
stimuli or foci of irritation were rigidly investigated. The accompany- 
ing tables attempt to analyze this situation, and prove that there are 
definite foci which tend to lower the man’s nerve capital and increase 
the offensive force to a point far above his defensive. With graduated 
exercise and discipline we hope to build up this defensive force and 
eliminate the offensive by removal of all irritating foci both internal 
and external. 

The following schedules present the plan of procedure and take a 
typical case through the entire course. The table. present summaries 
of our study of fifty cases of so-called neurocirculatory asthenia. We 
have attempted to analyze these cases after the method of Thomas 
Lewis' of England. 

At present no attempt is made to draw sweeping conclusions from 
these studies, which are herewith presented as a preliminary con- 
tribution to the subject. 

Past History—Prevalence of Past Infection—Measles, whooping 
cough and tonsillitis seem to have played the greatest roles in the past 
history of the cases under observation. Gonorrhea, pneumonia, scarlet 
fever, rheumatic arthritis and typhoid are next in frequency, and it is 





to this group of diseases that 22 per cent. of the patients date the onset 
of their present condition. 
i 
1. Report of Medical Research Committee, Series No. 8. Reports on Soldiers 
Returned as Cases of “Disordered Action of the Heart” (D. A. H.) or 
“Valvular Disease of the Heart” (V. D. H.). 
‘ a 








TABLE 1.—Typicat Case Recorp 


CARDIOVASCULAR CASE RECORD NO. 


Name, X Y Z Rank, Pvt. Gas ose Regt. 
Age, 22 years. Race, White Service (Yrs., 8/12) 
Occupation, Farmer 
Invalided, In training 
History.—Family—Maternal uncle T. B.—Mother very nervous—Grandfather, cancer. 
Past—Measles, pertussis. 
Habits—No. cigarets 4. Cigars 2. Pipes 0. Chews 3. Alcohol moderate. 
Onset—Gradual, cause unknown. 
Symptoms—Duration, 4 yrs. No. Repetitions, Three times. Dyspnea, Yes. Pain, 
Yes. Palpitation, Yes. Fainting, No. Giddiness, Yes. Sweating, No. Flushing, 
No. Cough, No. Weakness, No. Nervousness, Yes. 
Thyroid Gland—Tumor, No. Tremor, Yes. Exophthalmos, No. Diarrhea, No 
Cardiac Status on Admission: Cardiac Status on Discharge: 
Thrills—None Thrills—None 
Apex Impulse—5th Space 9.0 em. M.L. Apex Impulse—Sth Space 9.0 em. M.L 
Borders—R. 3d Space 3.0 em. M.L. Borders—R. 3d Space 3.0 em. M.L. 
L. 5th Space ie >em. MI L. 5th Space 10.0 em. M.L 
ete P2=A2 Sounds—Base, Clear 
Apex, Clear Apex, Impure Ist apical 
Murmurs—Apex, None Murmurs—Apex, None 
Base, None Sase, None 
Exercise Test: Exercise Test: 
Standing Rate 144 Standing . Rate 84 
Recumbent Rate 126 Recumbent Rate 8&4 
Rec. after Ex. Rate 150 Rec. after Ex. Rate 9 
Rec. 2 min. Rate 132 Rec. 2 min. Rate 84 
Arrhythmia—Respiratory Arrhythmia—Respiratory 
Bld. Pr.—Systolie 144, diastolic 95 Bid. Pr.—Systolic 136, diastolic &4 
Group Progress—Good; highest grade exercises well tolerated 
Weight, 6 Day Intervals—149, 154, 156, 154, 158, 154, 159, 154 
Date of Admission—5/15/18 Fa A /15/18 Observation Time—62 days 
Fina! Disposition—Unrestricted military duty 
Diagnosis—Neurocirculatory asthenia, constitutional 


TABLE 2.—Typicat Case Recorp 
CASE RECORD NO. 
Name—X Y Z Rank—Pvt. ) Regt 








General Physical Cardiac Psychiatrie 








General Appearance — Erect; R. C. D.—Within limits 

well developed and tanned; Sounds—P 2— A 2 

dermatographia. Murmurs—None Negative 
Lungs—Clear Exercise—Response fair Mental Age—Adult 
A bdomen—Negative Action—Rapid, regular 
Extremities—No cyanosis; 

hands clammy 


Neurological Ear—Nose—Throat Dental 


scess Indication for ex- 
traction. Incomplete 


Nose—Nasal spur Lt 
K. K.—Coarse tremor of Throat—Tonsils hyper. bi- 
tongue; hands extended | lateral 2 x; pus present 
Trans.—Negative . A—R-14 extracted. 
Diag.—Tonsillitis, chronic, | —— = anesthesia 
suppurative 


Fars—Negative | R-14, Dental alveolar ab- 


Gastee- Enterological Genito-Urinary 


History—Physical examina- 

tion, stool and stomach Prostate—Normal 
analysis, negative | se 
4 10.0 

Gastro-Intestinal—Negative 


Laboratory 


Blood Urine Stool 


| Color—Light straw 

Hemoglobin—70% Appearance—Clear Color—Dark brown 
Red—7,184,000 Reaction—Acid Consistence—Solid 
White—6,600 | Sp. Gr.—1.022 Mucus—Negative 
Differential—Not indicated Albumin—Negative Blood—Negative 
Sugar—Negative Microscopic—Negative 
Sesesangne—wagatere 


W assermann—Negative Prostatic § Smear—Negative 
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TABLE 3.—Reconstruction SCHEDULI 
U. 8S. ARMY BASE HOSPITAL, CAMP SHERMAN, OHIO 


Daily Schedule for “Reconstruction” Hospital 


A. M. 6:00 First call 
5:20 Fully dressed, police around ward 
:30 Breakfast, mop floors and clean up details 


-) 


8:00 Exercises 
9:00 Physical exa)inations, review marching order 
11:00 Absolute rest on beds 
12:30 Mess 
P. M. 1:00 Recreation 
2:00 Exercises and route marches 
3:00 Games 
4:00 Police and clean up 
5:00 Mess 
6:15 Retreat 
9:00 Taps—All lights out 
Schedule of Exercises Cardiovascular Reconstruction 
Exercise Time Days 
Group 1 1 15 min. 3 
1A 30 min 3 
Group 2 2 15 min 3 
2A 30 min. 3 
Group 3 3 15 min. 3 
3A 30 min. 3 
Group 4 3A andl 30 min. at 1 miie 3 
3A and 2 30 min. at 2 miles 3 
3A and 3 30 min. at 3 miles 3 
3A and 4 30 min. at 4 miles 8 
8A and 5 30 min. at 5 miles 3 
3A and 6 30 min. at 6 miles 38 without pack 
Group 5 3A and 7 30 min. at 6 miles 3 with light pack 
3A and 8 30 min. at 6 miles 3 with full pack 


Total 42 days 


TABLE 4.—REeEconstructTion SCHEDULES 
U. 8. ARMY BASE HOSPITAL, CAMP SHERMAN, OHIO 


Graduated Exercises of Cardiovascular Reconstruction 
Exercise 1 





Position Exercise Command Count 
Arms to thrust, raise Raise and lower shoulders Up, down 15 ti: es 
Arms to thrust, raise Shoulders back and forward Front, back 15 times 
Hands clasped back head Head forward and back Front, back 15 times 
Hands on hips, place Head twist, left and right Left, right 10 times 
Arms extended, raise Clinch and open fist 1,2 20 times 
Arms extended, raise Deseribe circles palms up Back, front 1 min. 
Arms backward, cross Quarter bend knee 1,2 15 times 
Attention Breathing exercise, inhale and Arms forward, 10 times 
exhale up, back, 
downward 
Exercise 2 
Hands on shoulders, place Thrust arms forward, sideward 1, 2, 3, 4 10 times each 
and upward 
Arms backward, cross Quarter bend forward 1,2 10 times 
Hands clasped back head Head forward and backward Front, back 15 times 
Hands on hips, place Raise on toes 1,2 15 times 
Hands on hips, place Extend leg forward, ankle high 1, 2, 3, 4 15 times each 
} and knee high. L. and R 
} Hands on hips, place Raise leg sideward. L. and R. 1, 2, 3, 4 10 times each 
i Arms extended, raise Describe circles Back, front 1 min. 
; Hands on hips, place Raise }nee to level. L. and R 1, 2, 3, 4 15 times 
i Attention Breathing exercise, inhale and Arms forward, 10 times 
; exhale up, back, 


downward 
Exercise 3 


i Hands on shoulders, place Arms forward, upward, sideward + up, 20 times each 
aown 
Hands on hips, place Full knee bend 1,2 8 times 
Hands on hips, place Bow oblique to L. and R 1,2, 3, 4 10 times 
Hands on hips, place Bend trunk backward 1,2 10 times 
Hands over head, raise Bend and touch toes 1,2 8 times 
Ars to thrust, raise Step and strike obliquely to left 1,2, 3, 4 15 times 
and right 
Arms on hips, place Extend leg forward, ankle high 1, 2, 3, 4 10 times each 
and waist high. L. and R 
Hands on hips, place Rotate head L B R 1, 2, 3, 4 10 times 
Attention Breathing exercise, inhale and Arms forward, 10 times 
exhale up, back, 


downward 
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TABLE 5.—Past Inrections 











F No Per Oent No Per Cent 
' Measles. . 46 ad Rheumatic arthritis 7 14 
Pertussis... .. , 35 70 Typhoid.. 7 l4 

Tonsillitis.. 30 60 Diphtheria 4 . 

Gonorrhea.. 3 26 Malaria. 3 6 
3 Pneumonia. . 12 24 Mumps... 2 4 
4 Scarlet fever... ll 22 Meningitis epidemic. 1 4 
% 
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Chart 1—Results of cardiovascular examinations at Camp Sherman. 


Present Condition—Prevalence of Symptoms.—Pain was the most 
frequent symptom complained of. The location of the pain was usually 
in the precordial region; at times in a well defined area, but again 
seemed to be a hyperalgesia of the chest wall. Dyspnea on exertion, 
paroxysmal palpitation, giddiness, nervousness, weakness, sweating and 
flushing were next in order of frequency of occurrence. No one symp- 
tom predominated. Precordial distress including dyspnea, pain and 
palpitation, nervousness, weakness and giddiness characterize the 





syndrome. 
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Precordial pair 
Dyspnea 
Palpitation 
Giddiness 
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TABLE 6.—Present Symptoms 


No Per Cent 


44 88 
40 sO 
37 64 
27 54 
27 54 


No. 
Nervousness 22 
Weakness 22 
Flushing 16 
Fainting 5 
Cough 4 


Per 


DECEMBER, 


Cent. 
44 


44 
32 
10 

8 





Sweating 


Previous Occupation—Civilian Life—A large portion of this class 
is drawn from those having sedentary or light occupations. Forty per 
cent. of the group under study belong to this class. This percentage 
might even be increased to 53 per cent., since we list 13 per cent. as 
farmers who call themselves such merely because they live on a farm 


and do light work. 


TABLE 7.—Previous Occupations or Firty PATIENTS 
No Per Cent Ne 
26 


Per Cent 
9 


Far er—light work only 13 Engineer—stationary 1 2 
Clerks.... 12 4 Engineer—civil 1 2 
Mechanics 4 8 Attorney.. 1 p 
Carpenters 3 6 Contractor 1 4 
Electricians 2 4 Merchant 1 2 
Tilustrators 4 Jeweler... 1 2 
Coal miners 2 4 Optician. 1 2 
Laborers—commo! 4 Barber. 1 2 
Printer 1 4 Bartender 1 2 


TABLE 8—Mnuirary Service WHEN INVALIDED (Firty Patients) 


No Per Cent. No. Per Cent 
Infantry 35 70 Artillery—heavy 2 4 
Machine gun 7 14 Signal—field. 2 4 
Quartermaster 2 4 Engineers 2 4 


Onset of Symptoms.—The patients’ statements as to onset, cause 
and duration of symptoms are rather indefinite. Twenty-two per cent. 
gave a history of a sudden onset and these dated their condition from 
some previous illness, although this entire group had been more or 
less nervous and below par since childhood. In 78 per cent. the onset 
was gradual and the majority of these could give no definite reason 
In most cases repetition of 





or cause for their present condition. 
symptoms occurred with exercise, many others were due to emotional 
disturbances, and the remainder persisted constantly. 


{ oa » . 
rABL 9 —OccuRRENCE OF SYMPTOMS 
No Per Cent No Per Cent 
Onset—sudden 11 22 Ascribed Cause of Onset 
Onset—gradual 39 78 Patients’ Statements: 


Repetition—with exercis« 25 ) Malaria 1 

f Repetition—with emotion... 10 20 Railroad accident l 2 
Repetition—constant.. 15 30 LaGrippe , 4 
Ascribed Cause of Onset— Typhoid. 4 4 

f Patients’ Statements: Pneumonia 2 4 
Cause unknown... ee 31 62 Searlet fever 1 2 
Overwork—sudden strain 5 10 Gonorrhea 1 2 
Overtrained 2 4 Bronchitis 1 2 

, Overheated 1 


ae Se 


we 
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Duration of Symptoms.—Forty-seven out of the fifty cases under 
observation gave a history of nervousness and cardiac distress previous 
to induction into military service. Development of symptoms followed 
scarlet fever in one case and the severe strain of overtraining in two 


cases. 
TABLE 10.—Dvuration oF Symptoms AND YEARS OF SERVICE 
Average Duration of Symptoms 
E Years No. Per Cent. Years No Per Cent. 
Su... 2 4 6.. 6 12 
: 18.. 1 2 Ras h 10 
16.. 2 4 ia 4 . 
i 13. 1 2 a. BI 22 
ma. 6 1 is 3 6 
isis sieegitilecirendinneeiene 1 2 eee 1 2 
we 2 4 1/4... 1 2 
c.. 2 4 1/12.. 2 
Average Years Service when Invalided 
Years No. Per Cent Years No. Per Cent. 
9/12... ; 2 4 4/12... 1 2 
I a 28 ie : 2 4 
7/12... Susie 8 16 2/12. 8 16 
i 6/12... 1 2 1/12. 13 26 
H 5/12... 1 2 
a 
i General Physical Status.— The majority of this group showed 
; vasomotor instability as evidenced by alternating flushing, pallor, cold, 


cyanotic, clammy extremities and marked evidence of dermatographia. 
Fifty-two per cent. were robust and well developed, while 40 per cent 


P) 

; were rather slender, flat-chested and showed poor muscular tone. 
One man had a right side empyema following pneumonia. Examina 
tion of the lungs showed no evidence of structural change 

7] 

TABLE 11.—Generat Puysicat Status 

i No Per Cent. No Per Cent 

; Well developed... seid 26 52 Lungs—empyema scar........ 2 

; Poorly developed.. 20 40 Congenital asymmetry (face) 1 

1 Dermatographia... sees 40 80 Cyanotic extre.vities (clammy) 4 80 


Cardiac Status ——No one in the entire group presented evidence of 
structural cardiac change. The relative cardiac dulness was constantly 
within normal limits. Twenty-two per cent. had functional apical 
murmurs, while 28 per cent. had accidental pulmonic systolic mur- 
murs. Two men showed impure first apical sounds, while two had a 
reduplication of the first sound. The response to exercise was fair in 
40 per cent., good in 50 per cent. and poor in 10 per cent. The exer- 
cise test was “One hundred hops on the left foot.” Ten per cent. of 
the men had an apical systolic thrill palpable after exercise or excite- 
ment. A respiratory arrhythmia more marked in some than in others 





was present in all cases. 
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TABLE 12.—Carpiac Status 
No. Per Cent 
100 


Relative cardiac dulness within norma! limits... SO 
Murmurs: Functional apical systolic... ll 22 
Accidental pulmonic systolic l4 28 
Sounds: Impure first apical.. 2 4 
Reduplication first apical 2 4 
P-2 greater than A-2... 17 34 
A-2 greater than P-2 8 16 
Response to Exercise: Fair... 20 “0 
Good 25 BO 
Poor ) 10 
Action: Rapid 44 88 
5O 100 


Arrhythmia—respiratory. 


Thyroid Status —Twenty per cent. of the cases under observation 
presented thyroid tumor to a greater or less degree. This is not 
unusual appearing in men drawn from the Ohio Valley region. Tremor 
was present in 96 per cent. of the group, and a mild degree of exoph- 
thalmos appeared in 6 per cent. of the cases. History of diarrhea was 
not elicited. Little importance is attached to these findings as a pos- 
sible factor of causation of the syndrome under discussion. 


TABLE 13.—Tuyrow Status 


No Per Cent. No. Per Cent. 
Tumor 10 20 Exophthalmos 3 6 
Tremor 45 96 Diarrhea.... 0 0 


Ear, Nose and Throat as Foci of Irritation—The nose and throat 
seem to yield the largest number of portals of entry for irritation and 
infection. Of the group under study the tonsils are the worst 
offenders, 90 per cent. having chronic suppurative tonsillitis. Thirty- 
two per cent. of the men showed deviation of the nasal septum, 20 per 
cent. chronic sinusitis, while 8 per cent. gave evidence of otitis media. 


TABLE 14.—Sratus or Ears, Nose anp TuHroat (Firty Cases) 


No Per Cent. No. Per Cent 


Ears: Otitis media, chronie, Sinuses: Chronic sinusitis... 10 20 
suppurative... 4 8 Throat: Tonsillitis, chronic, 
Nose: Deviated septum.. 16 32 suppurative........... 45 90 


Teeth and Mouth as Foci of Irritation —The teeth and mouths of 
the men under observation showed evidence of recent dental attention ; 
in fact, 66 per cent. of the group presented no evidence of oral infec- 
tion. Thirty-four per cent. gave positive findings of a degree indi- 
cating extraction. Following this procedure and after cleaning up the 
mouth infection, a definite, marked improvement was observed, not 
only in general conditions, but a specific beneficial result was noted in 
the heart rate and character of the response to exercise. This is in 
accord with the view that systemic irritation results more frequently 
from nonencapsulated granulomas on the apices of teeth than from 
definitely encapsulated blind abscesses. All cases under observation 
show the former condition 


ly 
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TABLE 15.—Orat Inrections (Firtry Cases) 
No. Per Cent. No Per Cent. 
No evidence of oralinfection 933 66 Dental alveolar abscess.. 3 6 
Gangrenous pulps........... 3 6 ee ee 11 22 
Genito-Urinary Status.— All patients under observation denied 
syphilis, while 24 per cent. (twelve in the group of fifty) admitted 
gonorrhea. Of the Wassermanns made on all cases, only two (or 
4 per cent.) were returned positive (+-+). These men were imme 
diately subjected to rigid antisyphilitic treatment. 
No man presented an active gonorrhea. Rectal examination of the 
prostate showed 10 per cent. to be soft and slightly enlarged, 10 per 
cent. moderately enlarged, 6 per cent. small and nodular, the remainder 


normal. Only one case presented a tender and enlarged right seminal 


vesicle. Smears made of the expressed secretions following prostatic 
massage were all negative, no gonococci being demonstrated. 

Urine Analysis—Routine urine examination failed to reveal any 
unusual findings, the few ordinary tests made being negative. An occa- 
sional trace of albumin appeared following heavy marching, but was 
only of a temporary nature. 

Blood Counts.—Average blood counts made on the fifty men showed 
very little of interest. The average red count was about 5,190,000, 
white count 8,700, hemoglobin 90 per cent. This ratio persisted through 
training. Ten cases showing low hemoglobin percentage on admission, 
after two months forced feeding and graduated exercises showed 
marked improvement and higher hemoglobin percentage, approaching 
normal on discharge. 

Foct of Irritatttion—Psycho-Neurotic Factors. — Psychiatric and 
neurologic investigations made on the group under observation yielded 
the data given in Table 16. 


TABLE 16.—Psycuiatric AND Nevurotocic Data 


Family History: Per Cent. Personal History: 
Nervousness 72 Previous nervousness 
Alcoholism Aleoholic excess... 
Insanity. F Psychasthenia. 
Epilepsy. i Neurasthenia 
Tuberculosis } Epilepsy. . 
Carcinoma Tobacco excess 

Head injuries.. 


Definite evidence of psychasthenia was obtained in four men, one 
of whom was a religious fanatic. Two were definite neurasthenics, 
while four showed positive neurologic findings. The mental age was 
taken of each case in order that a more definite status might be estab- 
lished. Fifty-six per cent. of this group measured normal adult men- 
tality, while 44 per cent. ranged from 8 to 15 years of age. 
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TABLE 17.—Compartnc AGE witH MENTAL AGE 
Age, Years Per Cent. Mental Age* Per Cent 

$3... oes 2 Adult... 56 
$2.. 2 eee 6 
$1.. ‘ 2 ' 6 
0 on 8 .. ; 16 
20... ee ‘ . 6  - 2 
23 , ‘4 10.... 6 
27.. 4 Bec 4 
26 12 8. 4 
25 l4 

24 l4 

23 12 

22 18 

21 . 0 * Binet combined point — Yerkes 

2 Bridges scale 


In the group under observation it so happened that we were able to 
study the syndrome under discussion in twins. These men were 22 
years of age, well developed and farmers by occupation. The family 
history showed the mother to be very nervous. The men said they 
had been nervous since childhood, one dating the onset of symptoms 
four years, the other sixteen years previously. They served in different 
regiments and when invalided the one had had three-twelfths year, the 
other eight-twelfths year training. After completing the course of 
graduated exercise, both showed marked improvement and were 
returned to full duty. These two men were not malingering. Indeed, 
they were most anxious to return to full military duty. Both were of 
normal mental age, but had since childhood labored under the impres- 
sion that they were definite “cardiacs.” Examination revealed no 
evidence of structural cardiac change. After cleaning up their very 
bad mouth and tonsil condition, regulating the diet and graduating 
their exercise, these men are now rather formidable soldiers, doing full 
military duty 

Their improvement is shown in the accompanying table (Table 18). 
Heart and respiratory rates with blood pressure readings were taken 


before and after treatment. 


TABLE 18—SnHow1nc IMPROVEMENT oF TWINS ON GRADUATED EXERCISE * 


Blood Blood 
Pulse Respiration Pressure, Pressure, 
Systolic Diastolic 


Before| After Before After Betore After Before! After 


D. C. on admission 108 144 16 18 140 170 ”) 90 3 
D. C. on discharge 80 104 15 16 124 136 s4 S4 2 
D. L. on admission 116 150 16 18 144 160 "4 96 36 
PD. L. on discharge £0 116 16 17 136 140 06 o4 





* Record of twins aged 22 years. Duration of symptoms 4 and 16 years. Mother very 
nervous. Exercise used, 100 hops on left foot. Observations made before and after. 

Gastro-Intestinal Status.—( Report by Capt. Robert McCaughey. )— 
The fifty men were asked if they believed themselves to have any 
stomach or bowel trouble. Forty-four—88 per cent.—answered in the 
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negative. Six—12 per cent.—made positive declarations. As to past 
stomach or bowel troubles thirty-eight—76 per cent.—reported nega- 
tive, twelve—24 per cent. positive. 
Declaration 
Present 
Positive Negative Negative 
88% iZ.. 38 76° 
History and examination showed that twenty-five (50 per cent.) 
were free from gastro-intestinal irritation, and the same number were 
found to have definite histories and findings of such trouble. Of these 
twenty-five positive gastro-intestinal cases, seven (14 per cent.) had 
intestinal stasis of the atonic type, one (2 per cent.) of the spastic 
type, and one (2 per cent.) had periodic stasis as shown by the history. 
Three (6 per cent.) had intestinal stasis associated with gastric atony, 
nine (18 per cent.) associated with chronic inflammation. Secondary 
or primary gastric irritation was found in four (8 per cent.) of the 
group studied 
TABLE 19.—Gastro-INTEsSTINAL STATUS 
Per Cent. 
Positive gastro-intestina) cases 0 
Intestinal Stasis: 
Atoniec type .. 
Spastic type ... 
Periodic type iahdiitiinpisnminia 
Associated with gastric atony........... 
Associated with chronic inflammation 


Secondary-primary gastro-intestina! irritation 


Total 


50 cases studied 


TABLE 20.—INTESTINAL 


Number... 2 3 4 5 5 7 » 
Name......... d G.J O. E. M. J. L. M. M. W K. W 


Declaration, 
, Neg Neg Neg Neg Neg Neg Neg Neg 


Declaration, past Neg Neg Neg Pos Neg Neg Neg Neg. Pos 
History... Pos Pos Pos Pos Pos Pos Pos Pos Pos 
Stomach empty 4% hrs. 4%hrs. 5 hrs. 5 hrs 4% brs 6 hrs. 6 hrs 6 brs 6 brs 


Greater curva 
eee Crest Crest Crest Crest Crest Crest Crest Crest Crest 
minus1 plusl minus! minus2 minus5| minus? plus1% 
inch inch inc hes inches inches inches inches 


Transverse colon Low Kink Kink Low Low ‘ Kink 
Low 


Intestinal tract 
empty.... 72hrs. 6 hrs hrs. M%hrs 72 hrs 72 brs 72 hrs 48 brs 24 bre 


Lumen of colon Normal Normal Norma! Norma] Normal Normal Norma! Spastic Normal 


Type.. seeee Atonie Atonle Atonie Atonie Atonic Atonie  Atonic Spastic Periodic 





Diagnosis........ Chronic intestinal atony 





Chronic intestinal stasis, atonic type 
Chronic intestinal stasis, spastic type 
Chronic intestinal stasis, periodic 


Intestinal stasis, total 
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Three patients—6 per cent.—had with the atony of the bowel an 
associated atony of the stomach. 


TABLE 21.—Intestinat Stasis Associatep witH Gastric ATONY 








Number secs 1 2 3 
Name..... 2. &. T. H. R. L. 
Declaration, present Negative Negative Negative 
Declaration, past Positive Negative Negative 
History Positive Positive Positive 
Stomach empty , 6 (plus) hrs. 6 (plus) hrs. 6 (plus) brs. 
Greater curvature -. Crest minus 2 in Crest minus 2 in Crest 
Transverse colon. . , Low Kinked 

Intestinal tract empty : 72 hrs 120 brs. 72 hrs. 
Lumen of colon : , Normal Normal Normal! 
ee ‘ Chronic gastric and intestinal atony 

( hron c gastric “and intestinal atony oe . 7 ims 7 e ans ve a 3 6 per cent. 


50 cases studied 


Nine patients—18 per cent.—had with intestinal stasis, chronic 
inflammatory changes of the mucosa. 


TABLE 22.—InrTestTinat StTAsis ASSOCIATED WITH CHRONIC INFLAMMATION 





Numb - 1 2 3 4 5 6 7 » uv 
BREED. cc cccccccccecccoses M.P. H.O. L.R. 8.J. | K.H. J.A.' C.L. D.G B. H. 
Declaration, present.... Neg. Neg. Neg | Pos. Pos. Pos. Pos. Neg Neg. 
Declaration, past Neg. Neg. Pos Pos. Pos. Pos. Pos. Pos Pos 
History.. ee Pos. Pos. Pos Pos. Pos. Pos. Pos Pos. 
Stomach contents, lay- 

OTB... 2.200 seese ecee 2 2 3 3 
Mucus span..... seedti —_ — = 2 inch | 2 inch naan a 2inch 2inch 
Free HCl... sacseneenel cena _— save 56 55 occ ance 5O 57 
Stool mucus. cosccess| SO Pos. Neg. Pos. Neg. Pos. Pos. Pos Neg. 
Number of stools........ 2-6 os O—5 O—-4 0-6 o—1 1 1-6 2—3 


Intestinal tract empty... 48hrs. 72hrs. 48hrs. | 9hrs.|72hrs. 48hrs. 48hrs. 48 hrs. 96 hrs. 





SE Chronie colitis with stasis Chronic enterocolitis Chronic gastro- 
with stasis enterocolitis 
with stasis 








Chronic colitis with stasis............... 4 8 per cent. 
Chronie enterocolitis with stasis........ ; 3 6 per cent. 
Chronic gastro-enterocolitis with stasis......... 2 4 per cent. 

Stasis associated with chronic infammation—total..... i) 18 per cent. 


50 cases studied 


Four patients—8 per cent.—had evidences of either secondary o1 
primary irritations, other than as classified in the foregoing. 
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TABLE 23.—Seconpary Gastro-INTESTINAL IRRITATION 


Number.. l 

Name..... : B. W. G.J c.0 H.1 
Declaration, present Positive Negative Positive Negative 
Declaration, past Positive Negative Positive Negative 
isGSEFoccccccceccee Positive Suggestive Positive Positive 
ritration free HCl 


Stomach content af 
ter 30 minutes.. 


otient... 


mpty stomach. 10 ¢.c. 25 ¢.c. 85 c.c. 
Mucus in stomach Negative Positive Positive 


cult blood in stom 
a - Negative Negative Negative 


cult blood in stool Negative Negative 1 Negative 1 Sor 4 stools daily 


Positive 1 Positive 1 every week or two 


and Re- (Two attacks jaun- Interstitial hepatitis, Pylorus sharply Meat in diet causes 
dice with pain). His alcoholic; large liver flexed on lesser cramps and 3 or 4 
tory and physical 2 em. below costa! curve; cap not dis stools a day; fre 
examination makes arch; firm; food re tinct; 6 hrs. no re quent attacks, sug 
gallstones most mained in cecum; tention; peptic ulcer gestive of a pan 
likely transverse and «de suggested creatic disturbance 
scending colon 
empty 


Possible galistones .. 2 per cent 
Possible interstitial hepatit s, aleoholi« l 2 per cent 
Possible pyloric ulcer ...... > per cent 
Possible pancreatic insufficiency > per cent 


Secondary gastro-intestinal irritation—total 8 per cent 
50 cases studied 

Many of these twenty-five positive gastro-intestinal irritation cases, 
were of such high grade severity that it is remarkable that they did not 
come to our service on admission to the hospital. It is a common 
experience for patients with gastro-intestinal troubles to complain of 
palpitation, fast pulse, precordial pain, vasomotor disturbances, spots 
before the eyes, dyspnea on relatively slight exertion, dizziness or 
giddiness and complaints of general or local nervousness. Certainly no 
one would expect the receiving ward to make a careful differentiation 
of cases showing the N. C. A. syndrome with pronounced symptoms 
of stomach and bowel troubles from stomach and bowel troubles with 
resulting or associated nervous manifestations. It is quite possible 
that these nervous patients, undergoing a new experience in entering 


the hospital, were having an accelerated pulse, and when the receiving 
officer asked them their complaints their attention was directed to their 
hearts, and they were assigned accordingly. On studying this very 


interesting series I was impressed not only with the fact that 50 per 
cent. had gastro-intestinal irritations, but also with the large propor- 
tion showing other foci of irritation, such as diseased tonsils, numerous 
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carious teeth, many missing grinders, etc. To all this internal scratch- 
ing there was added the external irritation of having to leave home 
and go to camp, there to perform duties for which they had little or 
no liking. What little nerve capital they had left after these more or 
less prolonged internal irritations was wiped out by the external irri- 


tation, by worry. Their nerves were now without strength. They 
were neurasthenic. They could have carried the external irritation 


like other men if it had not been for the internal load 

Removal of all possible foci of irritation surgically and dietetically 
places them in a condition favorable to reconstruction by graduated 
exercises. To hasten reconstruction I think it is of considerable impor- 
tance that these patients be taught practical points about nerve hygiene. 
They should know how to discipline themselves, something they have 
never known or practiced; what self-discipline means, its importance, 
and just how it should be daily practiced ; how to conserve their nerve 
capital which is gradually being acquired, and how to economize the 
pennies and nickles of nerve force. They will thereby know more of 
practical value about themselves and become most interested in their 
own development 

Size of the Heart.—Following the plan of Meakins and Gunson, 


fifty patients were examined with the view of determining the size of 





the heart, and comparing with normal controls after Dietlen. As in 
their report, weight was taken into consideration. Comparison shows 
the average transverse diameter to be somewhat less in patients than 
in the controls. What effect a rapid rate has on the heart size of these 
patients is not definite, since the men studied have not undergone such 


severe training. We can at least be sure that the cases under con- 


4 
sideration show no lesion of an organic nature 
TABLE 24.—Comparinc Carpiac MEASUREMENTS IN PATIENTS AND CONTROLS 
Average Average Trans 
| Transverse verse Diameter Average 
Number Per Cent. Weight, Diameter by Roentgen Transverse 
Pounds by Percussion, Ray, in Patients Diameter in 





in Patients, (72 Inches), Controls,* 
Cm Cm Cm. 
{ a . 
10 110-120 12.1 11.8 11.9 
4 8 121-130 12.4 12.6 12.9 
i 10 20 131-140 12.5 12.0 12.9 
“ 18 141-150 13.5 12 12.9 
6 12 151-160 14.4 13.1 13.4 
ll 22 161-170 13.6 12.9 14.3 
‘ 8 171-180 13.4 12.8 14.3 
1 2 181-190 14.5 13.5 14.4 
ee Averages Average =——~=«CA Verne 
~ 13.3 12.6 13.4 





* After Dietlen. 
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Cardiac Configuration in Health and Disease-—In comparing clin- 
ical and roentgen cardiac findings, a definite scale of measurement and 
configuration was desired. The large amount of clinical material at 
hand made possible the selection of cases with complicated and uncom 
plicated valvular lesions. Ten patients of each clinical type were col- 
lected and an average taken of the roentgen-ray findings. The con 
figuration used in reading these plates ascribed the first right curve to 


the vena cava, the second right curve to the right auricle, the first left 


NorMAL HEART 













Mio CLAVICULAR Mio STrernaL Mio CravicuLar 
| | yy 60Cm 

Rien | Lert 

1= Conve j= | F if | |= Conve 
VENA Cavaco 1 2 a Purmonary AORTA 

| 2 Conve 

<———ew Lerr Auricie 
of ! 32 ! 
Rent =e 


5= 3* Curve 
oe —eesLert VENTRICLE 


Chart 2.—Plate distance, 72 inches. Scale in this and following charts, 
0.5 cm 1 cm 


to the pulmonary aorta, the second left to the left auricle and the third 
left to the left ventricle. In the accompanying configurations (Chart 
2) the accentuated second left curve in pure mitral stenosis, the 
accentuated second and third left curves in combined mitral disease 
and the increased width of the base of the heart in aortic disease are 
typical. While measurements to be accurate should depend on the 
weight of the patient, the measurements in Chart 2 might be considered 


a fair average for a man of 150 pounds. 





a 
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4 


“ABLE 25.—ComparinG MEASUREMENTS IN HEALTH AND DISEASE, 





T 
FROM ROENTGEN CONFIGURATION 
2nd 2nd 3rd Trans 
Base, Left, Right, Lett, verse, 
Cm. Cm. Cm. Cm Cm 
Normal heart; average 10 controls 6.0 4.0 3.5 9.5 13.0 
Mitral insufficiency; average 10 patients 6.0 4.0 4.0 10.5 14.5 
Mitra! stenosis; average 10 patients.... 6.0 5.5 4.0 10.0 14.0 
Combined mitral insufficiency and steno 
sis; average 10 patients pevesdqusena 6.0 8.5 4.5 11.0 15.5 
Aortitis chror with aortic dilatation; 
average 10 patients ° 6006eeeesen 8.0 8.0 5.5 10.0 15 
Combined aort and mitral disease; 
average 1) patients ae ‘ 9.0 8.0 7.0 13.0 0 





Mero CusncuLar Mio CravicuLAR 
1 Conve I= Curve 
Vena! Canes eee —_—s> <_—_— AORTA 
2™ Curve 
<= | Auricue 
| 
2@ Cumve 


5= B®? Curve 
——esLert Vewrrciet 





14.5 Cm 


Chart 3 


Comparison of Pulse Rate and Blood Pressure of Patients and 
Control.—The cardiac rate in patients is somewhat variable, but on 
taking the average of one group and comparing it with that of others 
a definite conclusion can be reached. Patients in Group 1, or the first 
period of training, show a high variable pulse rate with a delayed 
return to normal. As the higher grade exercises are reached and 
tolerated, both the rate and response to exercise become more constant 


and approach more nearly that of the controls. 
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TABLE 26.—Rest Rate Comparep BerorE AND AFTER ONE HUNDRED 
Hors on Lert Foor 


























Pulse Blood Pressure Return to 
Normal 
Before After Before After Minutes 
{ 1% 136} 
Average 10 controls... - 76 120 } ; 1% 
| 82 M4 j 
f 132 160 ) 
10 patients, Group 1..... 96 144 } 31g 
{ S4 “ 
| 132 160 } 
10 patients, Group 3.. ww 132 i 3 
M4 86 
132 16 
10 patients, Group 5.. 84 128 
bee | 4 


Blood pressure readings are also inconstant and show no definite 
distinguishing feature. The systolic pressure is always somewhat 
higher in patients than in controls, while the diastolic shows very little 
difference. 

Observations were made on ten men in the final group of training 
before and after taking a six-mile hike with light pack. This con- 
stituted a 90-minute march at a cadence of 120 steps a minute. The 
response to this test was not unlike that of the controls, three normal 
men. There was no dyspnea or evidence of distress. These men after 
a two months course of graduated exercises qualified for full military 
duty. 


TABLE 27.—Rest Rate Berore AND ArTer S1x-Mire Hike with Licut Pack 


Blood Blood Return 

Pulse Respiration Pressure, Pressure, to 
Systolic Diastolic Normal, 
—s Minutes 


Before After Before After Before After Before After 


Average 5 controls.. oe 76 120 14 16 124 136 82 ss 


Average 10 patients, Group 5 84 128 16 17 128 144 S4 86 


Effect of Tobacco and Alcohol.—Of the fifty men under observa- 
tion, 10 per cent. used cigarets to excess (twenty and more daily), 
20 per cent. fifteen per day, 30 per cent. moderately (average of ten 
cigarets per day), 28 per cent. five per day, while 12 per cent. did not 
use tobacco in any form. In this same group only 4 per cent. admitted 
alcohol to excess, while 50 per cent. used it moderately, 20 per cent. in 
slight degree and 26 per cent. had never used it in any form. 

Pulse, respiration and blood pressure readings were made before 
and after smoking five cigarets in succession, the brand used being the 
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popular Camel. The reaction of ten controls was compared with that 
of ten men in Group 1, the first period of training, with ten men in 
Group 3, the midperiod of the course of exercises, and these with ten 
men of the graduating or final group. Observations on the reaction to 
exercise were made at the same time, in relation to the effect of 
smoking. In both patients and controls the pulse and respiratory rate 
rises after smoking. This, however, was more marked in patients than 
controls, but men having progressed to the highest grade of exercises 
reacted only slightly higher than the control, while those in the first 
class and in the midperiod of training showed a definite reaction. In 
all observations the reactions were temporary. Only three of the mid- 
group showed definite aggravation of symptoms, while the controls 


and the men boarded fit for full duty showed practically no untoward 


signs. 
Mirra STENOSIS 
Meo Cuancucar 
Rien 143 Curve 17 Conve LEFT 
Viera, CAMA ee ee a Puuonary AORTA 
2% Curve 
2 Curve 32 
Poewr APIA E p> $s 
3% Cunve 
Lerr 








| 
14.0 Cm 
Chart 4 


Che 12 per cent. of nonsmokers did not use alcohol. Their symp- 
toms, however, when compared to those of the heavy smokers or 
excessive drinkers, were not in any way proportionally decreased. 
Thus, no conclusion can be drawn for a definite basis for production 
of symptoms. It is therefore evident from our observation that while 
alcohol and tobacco in excess aggravate the symptoms and signs of this 


syndrome, they are not a constant primary source of irritation. 
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TABLE 28.—OsservaTions ON Series OF Firry Cases UNber Stupy 





Average Consumption of Tobacco Average Consumption of Alcoho! 
Cigarets 
per Day Per Cent Per Cent 

20 10 Heavy ‘ 

15 0 Moderat« ”) 

WW. ..00 ‘ ‘ 30 Slight. 0 

s Total abstainers * 
Nonsmokers 12 
Effect of Cigaret Smoking. Che pulse, respiratory and blood 


pressure readings were made on ten healthy men before and after 
smoking five cigarets in succession, and before and after exercise (100 
hops on left foot). An average taken of these ten controls shows a 
normal response to exercise and a very slight reaction as an effect of 
smoking. 
TABLE 29.—AveraGe Errect OF SMOKING BEFORE AND AFTER 
EXERCISE IN TEN ContRoL CAses 





Blood Blood Return to 
Pulse Respiration Pressure, Pressure, Normal, 


Systolic Diastolic Minutes 


Before After Before After Before After Before After Before After 


Before exercise. .. 72 74 16 18 128 128 S4 82 My 


After exercise... 108 110 20 »” 160 160 RS nw 1% 1 


Observations were also made on ten men reporting for the first 
class of graduated exercises. This constitutes Group 1 in the schedule 
used. The degree of reaction is greatest in this group when compared 
with that of the controls. The increased rate is not a marked feature, 
but three of this group complained of definite breathlessness and a 


general sense of uneasiness. 


TABLE 30.—Averace Putse, Respiration AND BLoop Pressure 1n Ten Ca 
Group 1—Arter GRADUATED EXERCISES 


Blood Blood Return to 
Pulse Respiration Pressure, Pressure, Normal, 
Systolic Diastolic Minutes 


Before After Before After Before After Before After Before After 


Before exercise ° 104 108 22 24 144 148 90 90 ly 


\fter exercise 152 160 24 26 164 180 92 96 3% 4 


In Table 30 we find the resting rate high, with an exaggerated 
response to exercise. There are many stimuli which influence the 
resting rate. Smoking does this temporarily and to a mild degree. The 
same effect is produced by a slight change of posture or emotion, so 
that it is rather difficult to arrive at a fixed average rate for this group 


eee eee ee ee 
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The average pulse, respiratory and blood pressure readings of ten 
patients in Group 3, the midperiod of training, are less variable and 
the reaction to smoking when compared with that of the controls is 
less marked. 


TABLE 31.—Averace Purse, Respiratory AND BLoop PressuRE 
READINGS IN TEN Cases—Group 3 


Blood Blood Return to 


Pulse Respiration Pressure, Pressure, Normal, 
Systolic Diastolic Minutes 





Before) After [Before, After Before, After Before After Before) After 


Before exercise... . 96 104 20 22 142 146 &8 90 ly ly 


After exercis« ; 14 132 24 26 156 160 92 ea 3 319 


ComeineD MrrrRAL STENOSIS —INSUFFICIENCY 









Mio CuaicuLar Mio Sterna Min CuavicuLar 
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Chart 5. 


Group 5, consisting of men having progressed to the highest grade 
of exercises and who have tolerated them in conjunction with route 
marches without distress, compare most favorably with the ten con- 
trols. Here again the reaction to smoking is slight and the response to 
exercise only moderately exaggerated by external stimuli. 

TABLE 32.—Averaces 1n Ten Cases—Grovup 5 


Blood Blood Return to 
Pulse Respiration Pressure, Pressure, Normal, 
Systolic Diastolic Minutes 





Before After Before ‘After Before “After Before After Before| After 





Before exercise...... 1 88 18 19 136 140 84 88 \% % 


After exercise ee . 118 122 2 24 144 148 86 SS 2 2% 
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In summarizing, the tobacco reaction, pulse and respiratory and 
blood pressure readings were slightly higher in patients than controls 
Patients in Group 5 compared most favorably with the controls, while 
those in Group | reacted in greater degree. Group 3, in accordance 
with their tolerance to exercise, reacted in moderate degree. 

Effect of Atropin on the Heart Rate-—Observations were made on 
ten patients compared with ten controls before and after the adminis- 
tration of 49 grain atropin sulphate subcutaneously. The response to 
exercise (one hundred hops on the left foot) before and after atropini 
zation was also noted. Twenty-five minutes were allowed to intervene 
for complete effect. Both patient and control showed the same results, 
namely, increased pulse rate approximately to the same degree follow 
ing atropin. From this Lewis? concludes that the high cardiac rate in 
patients is not due to a reduction in vagal tone, but is more probably 
due to hyperirritability of some portion of the system including the 
accelerator reflex arc. 

The patients presented for observation before administration of 
atropin showed marked dermatographia, cold, clammy, cyanotic hands 
and marked axillary sweating. After atropinization this picture was 
entirely changed, much to the surprise of the patients. Hands were 
dry, pink, hot and the dermatographia temporarily disappeared 


TABLE 33.—Errect or Atropixn on TEN PATIENTS 


Rest Rate After Exercise Blood Pressure Blood Pressure 
Atropin, 1/30 Gr. at Rest After Exercis 
Before After Before After Before After Before After 
128 132 140 152 
Average 10 controls... SO 108 132 144 
80 &4 SO ™) 
13 136 146 160 
Average 10 patients..... 88 118 128 158 
S4 s4 se Sa 





Thus, in our search for irritation it was determined that the 
mechanism by which increased rate of patients is arrived at is not 
altered vagal tone, but a hyperirritability of the system, including the 
accelerator reflex arc. 


TABLE 34.—Foct or Irritation 


No. Per Cent. No. Per Cent 
General physical ave 14 28 Psychiatric 6 12 
PE itens +s0e0 ‘ o 20 Neurologic. ; 34 78 
Ear an , 4 8 Gastro-intestinal 5 1) 
Nose.. . . ~ 82 Genito-urinary... 6 32 
Sinuses =e , 10 20 Syphilis.. 2 4 
Throat... os scctvee @& 90 Alcohol..... 2° 4 8 
Teeth 18 36 Tobacco 7 5 10 


2. Report by Cotton, Rapport, Lewis 


ee 
Jas tn 





Sadi ean catanaits.cii <ab 


oo A 


oe ee ee ee 


a 














714 1. FRIEDLANDER—H L. FREYHOF ARCH 


W eights —During the entire period of training, weights were taken 
at six-day intervals. All men gained weight rapidly up through the 
group, including the highest grade of exercises. When route marches 
were taken in conjunction with the high grade exercises, without and 
with light and full pack, an average of one-half pound per man was 


lost from the admission weight. 

















TABLE 35.—WeicuHt GAINED TABLE 36—Weicur Lost Durine 
Durinc Periop or TRAINING Periop oF TRAINING 
P« is No Pounds No 
Constant , fe 
' 1 10 
1 ‘ 
1 ‘ 
$ , 1 
é 4 
4 
re i 4 ] 1 
S pe t 1ined weig - 
Total 36 
> per cent. lost weight 
Aorrms CHronic With Aortic DiLATATION 
Mio CravicuLar tn Mio Cravicuran 
Fuex tT f | Lert 
12 Curve a 
VENA CAVA ee ee —__e= Aorta 
ee | 252 Curve 
eee Lert Avunicie 
2°? Cunve se 
Riex? Avricu = —=— 
| St 3% Curve, 
10.0 <o—eLEFT VENTRICLE 
15.5 Cm. 
Chart 6 
Final Disposition of Group Progress.—In accordance with our | 


policy of graduated exercises, the fifteen men who progressed to the 
highest grade exercises and carried them out without distress in con- 
junction with route marches of 6 miles, with full pack, were sent to 
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full and unrestricted military duty. These men had no complaints to 
offer and while there still remained some vasomotor instability, they 
were decidedly less sensitive to external stimuli, most of the internal 
foci having been removed, and they had learned that discipline and 
economy were necessary factors in the march to increased nerve 


capital. The twenty-five men who progressed more slowly, but toler 


Comeineo Aortic — Mitra Disease 


Moo Cramcucar Mio Sterna. Mio CramcuLar 


Rise Ler? 
Te | ur +7 
Vena Cava ee . — ee Furmonary Aorta 
2-2 
~—e Leer Avnicce 
200 32 


Puext Avercle =—— 


sr ge 
j Lerr 
-_- = 
| VENTRICLE 





20.0 Cm. 


Chart 7 


ated the exercises and route marches without undue distress, were sent 
to unrestricted domestic duty. An attempt was made to place these 
men in service according to their individual qualifications, in order 
that external stimuli be in some meaure eliminated and that conserva- 
tion and economy of nerve force be promulgated. The ten men show- 
ing continued symptoms on the highest grade exercises, but who pro- 
gressed through all the stages, including route marches, were sent to 
limited domestic service. Of the group of fifty under study it was not 


considered necessary to discharge any man as permanently unfit. 
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TABLE 38.—Ditsposirion or MEN IN Groups STUDIED 


No Per Cent 


Unrestricted military duty . , : — ‘ 15 30 
Group progress, good 
j Unrestricted domestic duty os : eesus OM 
- Group progress, good; highest grade exercises tolerated less perfectly 
: Ordnance .... oe 1 
Electrician ... , l 
Shoe repair ° l 
Drill instructors 
BIDMED ccccce 4 
leamsters : 4 


Carpenters 
Motor truck repair 


Pipe fitter and plumbers 1 
Cook l 
Printer . l 
Laborers 
Limited domestie service . néeeecs ° gcse ° 
Group progress, fair; highest grade exercises only fairly well tolerated 


Artist illustrators 

Clerks : 

Medical detachment . l 
Orderlies eee eres . 2 
leamsters 


. [In our early experience with this group all were deemed unfit for 
military duty, and under former conditions had been withdrawn from 
their organizations and sent to the Depot Brigade, pending discharge 
from the National Army. We now return fifty salvaged men to duty, 
fifteen to unrestricted military duty, twenty-five to unrestricted 
domestic duty, ten to limited domestic duty. 

Our object has been not only to study these men presenting this 
syndrome from an etiologic and therapeutic point of view, but to 
prevent any questionable case going overseas, there to become a 
burden, before subjection to a rigid investigation and graduated 
method of sorting. 

; Observation Time.—Fifty per cent. of this group had been in 
service eight months, 25 per cent. three months, 25 per cent. one 
month. Under the present system of graduated training and discipline, 
observation time averaged seven weeks from time of admission to 


discharge to duty, a saving of six months. This is not only a great 
J difference in time and expense to the government, but to the recruit 


on whose early training so much depends. 
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THE EXCRETION OF CREATIN, CREATININ, AND URIC 
ACID IN ACUTE FEBRILE CONDITIONS * 


C. W. McCLURE, M.D 


BETHLEHEM, PA. 


The excretion of creatin, creatinin and uric acid in the urine during 
the course of acute infectious fevers has been studied by Cathcart,’ 
Van Hoogenhuyze and Verploegh,? af Klercher,’ Kocher,‘ Shaffer,° 
Ewing and Wolf,® Shaffer and Coleman,’ and others. Their results 
agree as regards the finding of creatinuria, and an increased output 
of creatinin and of uric acid. The diets used by most investigators 
were at times in the course of the experiments of insufficient caloric 
value and not particularly rich in carbohydrates. Shaffer and Coleman 
have investigated the effects of high caloric diets, rich in carbohydrates, 
on the protein metabolism of patients with typhoid fever. They 
found that these diets retarded or prevented the loss of body protein 
in their cases. For this reason it was considered important to study 
the excretion of certain of the products of protein metabolism in the 
different varieties of acute febrile conditions at a time when the 
affected patients were receiving a “Shaffer-Coleman diet.”” The prod- 
ucts chosen were creatin, creatinin and uric acid because of the 
accuracy with which their endogenous amounts can be determined. 


EXPERIMENTAL PROCEDURE 


Patients were given the diet proposed by Shaffer and Coleman, except that 
no purin- or nuclein-containing foods were fed. The diet contained approxi- 
mately from 3,000 to 4,000 calories of protein, fat and carbohydrate in each 
day’s feeding. Urine specimens were preserved on ice under toluol. Uric 
acid, creatin, and creatinin were determined by the methods of Folin." In 


* Submitted for publication July 17, 1918. 

1. Cathcart: Uric Acid Output and Heat Production, Proc. Roy. Soc., Lon- 
don, 1907, 79, 13. 

2. Van Hoogenhuyze, C. J. C., and Verploegh, H.: Weitere Beobachtungen 
iiber die Kreatininausscheidungen beim Menschen, Ztschr. f. physiol. Chem., 
1908, 57, 162. 

3. af Klercher, Kj., O.: Ueber Ausscheidung von Kreatin und Kreatinin in 
fieberhaften Krankheiten, Ztschr. f. klin. Med., 1909, 68, 22. 

4. Kocher, R. A.: Ueber die Grésse des Eiweisszerfalls bei Fieber und bei 
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5. Shaffer, P.: The Excretion of Kreatinin and Kreatin in Health and Dis- 
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Biol. Chem., 1914, 17, 469. A Laboratory Manual of Biological Chemistry, New 
York, 1916, p. 93. 
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determining uric acid the “uric acid reagent” was used instead of the “uric 
acid-phenol reagent.” Otherwise the method was employed as given in Folin’s 
manual. Phosphorus was quantitated by the uranium acetate titration method. 
All temperatures recorded in the appended table are rectal temperatures. A 
" total of eight febrile conditions has been studied, comprising six cases of 
typhoid fever, four cases of lobar pneumonia, one case of streptococcic broncho- 
pneumonia, two cases of tuberculous bronchopneumonia, two cases of pulmonary 
tuberculosis, one of which was complicated by hemopneumothorax, one case of 


subacute rheumatic fever, and two cases with fever of unknown cause. 


The Relation of Creatinuria to Fever.—Creatinuria was present 
. throughout the febrile periods in two cases (2, 3, see table) In 
another case (1) the output of creatin ceased nine days prior to the 
disappearance of the pyrexia. In one case creatinuria was present 
. during one period of fever and absent throughout the course of 
a second febrile period in this patient (5). Creatinuria was either 
completely absent or present in small amount in five febrile cases 
(5, 6, 7, 8,9). In three of these fever was present over periods of 
observation of from one to four weeks. Two cases were febrile but 
a short time. One of these showed no creatinuria, and the other a 
} small amount on two occasions. Another case (12) had very slight 
d creatinuria during two periods of high fever. Postfebrile creatinuria 
persisted for from seven to ten days in two cases (13, 14), and in three 
others (2, 5, 12) it was present for a few days. 

[hese findings show that there was no constant relation between 
the presence of pyrexia and creatinuria. 

The Relation of Creatinuria to Loss in Body Weight—In seven 
cases loss in body weight was accompanied by creatinuria (1, 2, 3, 4, 
ui 10 
from the urine with the cessation of the loss in body weight. In one 


, 13, 14). In three of these (3, 13, 14) creatin did not disappear 
case (3) creatinuria was present during weeks in which there was 
1} very little or no loss in weight, as well as during the time when rapid 
loss occurred. One patient (12) had slight creatinuria during a period 
1! of loss in weight and again during a period when there was a gain in 
: weight. Two patients showed only an occasional slight creatinuria 
: during periods of moderately rapid loss in body weight 

Hl om » ; r A . . 

| These findings show that the presence of creatinuria, although 





ih usually occurring coincidently with loss in body weight, is not definitely 
| related to either the rapidity or the amount of weight lost 

The Relation of Creatinuria to the Increase in the Excretion of 
Creatinin and of Uric Acitd.—Creatinuria was associated with dis 
turbances in the excretion of both creatinin and uric acid in four 
cases (2, 3, 14, 15). In two cases (4, 13) there was a considerable 





amount of creatin excreted while the output of creatinin remained 
normal. In all but one case in which creatinuria occurred there was 
also an increased elimination of uric acid. In this case (12) there was 


a slight creatinuria, which was not accompanied by an abnormal crea- 
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tinin or uric acid output. These findings show that during periods of 
pyrexia creatinuria may occur unaccompanied by disturbances in the 
excretion of uric acid and of creatinin. 

Creatinin.—In most cases the amounts of creatinin excreted were 
increased during the periods of pyrexia. This increase was often 
present only at irregular intervals. In one case (9) the disturbance in 
the output of creatinin was as great during the afebrile as during the 
febrile period. In two cases (11, 12) no increase in the amounts of 
creatinin excreted occurred in spite of the presence of high fever. 
A disturbance in the excretion of creatinin was found in one case (9) 
without associated anomalies in the elimination of uric acid or of 
creatin. These findings demonstrate that in certain of the febrile 
diseases, (a) disturbances in the excretion of creatinin are not neces- 
sarily associated with an increase of the body temperature, and (0b) 
that such disturbances may occur independently of anomalies in the 
excretion of uric acid and creatin. An increase in the output of crea- 
tinin was not related to loss of body weight in all cases 

Uric Acid.—In all but two cases uric acid was excreted in abnor 
mally large amounts during the periods of pyrexia (9, 12). A post- 
critical increase in the amounts of uric acid eliminated persisted over 
periods of from five to nine days in five cases (1, 14, 16, 17, 18). 
Creatinuria was present in three of these cases, in one of which an 
increased creatinin output, also, occurred. No examination for creatin 
in the urine was made in the other two cases. In one case (18) an 
increase in the excretion of phosphorus accompanied the enlarged 
output of uric acid. These findings show that an increase in the output 
of uric acid during the course of the acute infectious diseases is not 
wholly dependent on the presence of pyrexia. In this connection it is 
interesting to note that Mandel® found a decrease in the output of uric 
acid in three cases of “aseptic fever.” 

In six cases (1, 2, 9, 12, 14, 17) anomalies in the excretion of one 
of the three substances studied occurred during the second or the third 
week of convalescence. No definite relationship was found between 
the severity of the symptoms manifested by the patients and the 


amounts of creatin, of creatinin and of uric acid found in the urine. 


SUMMARY AND DISCUSSION 


Endogenous creatinin and creatin are considered as products of 


the metabolism of muscular tissue. An increase in the amount of 
creatinin excreted may be regarded as evidence of an increase of 
katabolism in the muscles, or possibly of an actual destruction of that 
tissue. The significance of creatinuria is not definitely known. In 

9. Mandel, A. R.: Xanthin as a Cause of Fever and Its Neutralization by 
Salicylates, Am. Jour. Physiol., 1907-1908, 20, 439. 
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view of the work of Folin’® and of Denis" the creatinuria observed in 
the experiments here reported can readily be explained as the result 
If so much creatin is manufactured 


of an over-production of creatin. 
that the muscles become supersaturated, creatin is excreted by way of 
the kidneys.’** On the other hand, there are some observers'* who 
support the view that creatinuria is an expression of an incomplete 
oxidation of creatin in the body. Acidosis may play a role in the pro- 
duction of creatinuria.** However, no studies concerning the presence 
of acidosis were made during the course of the experiments here 
reported. The origin of endogenous uric acid from the nucleoprotein 
of the body tissues is fairly well established. It is impossible to ascer- 
tain the exact source of the nucleoprotein from which the excess of 
uric acid, found during the course of these experiments, was derived 
[he increase in the elimination of uric acid was no greater in those 
diseases accompanied by leukocytosis than in those in which this did 
not occur. This finding shows that the disintegration of leukocytes 
played a minor role in its production. Nevertheless, it is fair to assume 
that a certain amount of the excess of the uric acid eliminated during 
the stage of resolution in pneumonia was derived from the absorption 
of the pulmonary inflammatory exudate. However, a_postcritical 
increase in the output of uric acid occurred in other disease conditions 
in which no such exudate was present. Also, it was not found in two 
of the cases of lobar pneumonia studied, but in these cases the areas 
of pulmonary consolidation were small. A postcritical increase in the 
excretion of uric acid was accompanied, in certain cases, by creatinuria 
and an excessive output of creatinin. The latter two phenomena 
would not result from the breaking down of cellular inflammatory 





10. Folin, O., and Denis, W Protein Metabolism from the Standpoint of 
Blood and Tissue Analysis. VII. An Interpretation of Creatin and Creatinin 
in Relation to Animal Metabolism, Jour. Biol. Chem., 1914, 17, 493 

ll. Denis, W.: The Influence of the Protein Intake on the Excretion of 
Creatin in Man, Jour. Biol. Chem., 1917, 30, 47. Denis, W., and Kramer, J. G. 
The Influence of Protein Intake on Creatin Excretion in Children, Jour. Biol 
Chem., 1917, 30, 189. Denis, W., and Minot, A. S.: The Production of Creatin- 
uria in Normal Adults, Jour. Biol. Chem., 1917, 31, 561. 

12. Mendel, L. B., and Rose, W. C.: Experimental Studies on Creatin and 
Creatinin. I. The Role of the Carbohydrate in Creatin-Creatinin Metabolism, 
Jour. Biol. Chem., 1911-1912, 10, 213. Benedict, S. R., and Osterberg, E.: 
Studies in Creatin and Creatinin Metabolism. III. On the Origin of Urinary 
Creatin, Jour. Biol. Chem., 1914, 18, 195. Rose, W. C.: Experimental Studies 
on Creatin and Creatinin. V. Protein Feeding and Creatin Elimination in 
Pancreatic Diabetes, Jour. Biol. Chem., 1916, 26, 331. Rose, Mary S.: Cre- 
atinuria in Women, Jour. Biol. Chem., 1917, 32, 1. Janney, N. W., Goodhart, 
S. P., and Isaacson, V. I.: The Endocrine Origin of Muscular Dystrophy, Tx 
: Arcuives Int. Mep., 1918, 24, 188. 

13. Underhill, F. P.: Studies in Creatin Metabolism. I. Possible Interrelation 

Between Acidosis and Creatin Elimination, Jour. Biol. Chem., 1916, 27, 127 
| Underhill, F. P., and Baumann, E. J.: Studies in Creatin Metabolism. IV. The 
Relationship of Creatinuria to Carbohydrate Metabolism and Acidosis, Jour 


iol. Chem., 1916, 27, 151. 
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exudates. They would result from a disturbance in muscular metab- 
olism. These evidences of postcritical disturbances in metabolism 
warrant the conclusion that the excess of uric acid excreted during this 
period was, in part, derived from the nucleoprotein of the body tissues 
and not wholly from the absorption of cellular inflammatory exudates. 

It was found that creatinuria, or an increased output of creatinin, 
or of uric acid may each occur singly or in any combination with each 
other. This indicates that there is not an inseparable relationship 
between the metabolisms of these three substances. 

The inconstant occurrence of creatinuria, and, to a less extent, of 
an increase in the outputs of creatinin and of uric acid, in the presence 
of pyrexia may, in part, be explained by the sparing action of carbohy 
drate on the body protein. The latter is well illustrated in the work 
of Shaffer and Coleman, and of Graham and Poulton.** The former 
investigators did their work on typhoid fever patients, and the latter 
on normal men in whom pyrexia was induced by exposure to unusually 
high temperatures. From their results they concluded that the loss of 
body protein could be retarded or prevented during periods of pyrexia 
by the use of high caloric diets rich in carbohydrates. In spite of 
such diets, and in spite of the absence of weight loss, disturbances in 
the excretion of creatin, of creatinin and of uric acid were not always 
absent in the experiments here reported. It therefore seems probable 
that these disturbances were, in part at least, an expression of the 
effect of toxins. This view is supported by the studies of Dubois and 
his co-workers.*® The findings of these investigators indicate that in 
typhoid fever and malaria a toxic destruction of protein occurs. 
Whether toxins act by increasing katabolism or by actual disintegra- 
tion of body tissue is not definitely known. The disintegration of body 
tissue would seem to be unusual in patients receiving high caloric diets 
and who are not losing weight, either during periods of pyrexia or, 
especially, during convalescence. Nevertheless, it must be borne in 
mind that certain pathologic structural changes occur in the different 
body tissues in the presence of continued pyrexia. The relation of 
these degenerative changes to the presence of creatinuria, and to an 
increase in the production of creatinin and uric acid are unknown. If 
such pathologic changes were an important factor in the production of 
these phenomena, constant relations in the excretion of creatin, of 
creatinin, and of uric acid would be expected, under comparable exper- 
imental conditions. Since the relations in the excretions of these sub- 


14. Graham, G., and Poulton, E. P.: The Influence of High Temperature on 
Protein Metabolism with Reference to Fever, Quart. Jour. Med., 1912, 6, 82 
and 124. 

15. Coleman, W., and Dubois, E. F.: Calorimetric Observations on the Metab- 
olism of Typhoid Patients With and Without Food, THe Arcnuives Int. Mep., 
1915, 15, 887. Barr, D. P., and Dubois, E. F.: The Metabolism in Malarial 
Fever, THe Arcuives Int. Mep., 1918, 21, 627. 
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stances were found to be variable, the degenerative changes occurring 
in the tissues during pyrexia probably play but a minor role in the 
production of creatinuria, or of an increase in the excretion of uric acid 
and of creatinin. Therefore, the findings in the experiments here 
reported support the view that the toxins of the acute infections and 
of tuberculosis cause an increase in katabolism. 

rhe presence of postcritical creatinuria, of an increased output of 
creatinin, and of uric acid show that disturbances of metabolism may 
extend into convalescence. This has been pointed out by Shaffer and 
Coleman. The occasional recurrence of abnormalities in the excretion 
of these three substances, after convalescence is well established, sug- 
gests that either disturbances in their metabolism are persisting, or that 
they are easily reproduced. 

No creatin was excreted during the course of a very mild case of 
pneumonia and in certain febrile conditions of short duration which 
were studied. In severer types of pneumonia, and in long continued 
febrile states creatinuria was invariably present except in tuberculosis. 
The apparent rarity of creatinuria in the latter disease may prove, on 
further study, to be of value in the differential diagnosis of that disease. 

The diet used in these experiments was well tolerated. The 
amounts of creatinin, frequently of creatin, and less often of uric acid, 
which were excreted were smaller than was to be expected from a 
comparison of the findings here reported with those of other investi- 
gators who did not feed a high caloric diet rich in carbohydrate. 
Shaffer and Coleman have shown that by the use of such a diet the 
amount of creatinuria in typhoid patients could be markedly dimin- 
ished. Loss of weight was slight or completely absent under conditions 
in which it would naturally be expected. In certain cases an initial loss 
in weight occurred during the first week in the hospital. It then 
stopped, although there was no cessation in the symptoms of the dis- 

{ ease. These findings show that the “Shaffer-Coleman” diet is a 
rational adjunct to the treatment of acute febrile diseases. 

In selecting patients for study, those without evidences of nephritis 
were selected as far as this was possible. Certain findings common to 
nephritis are of frequent occurrence in the presence of fever. The 
results obtained in those cases in which such findings persisted into 
convalescence were rejected. The prevention of the loss of a certain 
number of specimens is very difficult when (1) urine is collected over 
long periods of time, (2) from acutely ill patients, (3) in the hospital 
wards. This does not vitiate the results, since the interpretation of 
findings deals only with abnormally large amounts of the substances 
studied. For purposes of comparison it is of importance to know the 
true endogenous level of the substances determined. This can be 
accomplished by following these determinations well into convales- 
cence, which has been done wherever possible. 
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CONCLUSIONS 

1. Disturbances in the excretion of creatin, creatinin and uric acid 
during the febrile period of the acute infectious diseases are, largely, 
an expression of the effect of toxins on metabolism. These dis- 
turbances may continue into the period of convalescence. 

2. It has been found that the increased excretion of uric acid almost 
invariably accompanied acute febrile states. It was usually associated 
either with creatinuria, or with disturbances in the output of creatinin. 
At times all three phenomena were present. 

3. The experimental findings indicate that the loss of uric acid, 
creatin and creatinin by the body, during acute febrile conditions, is 
retarded by a high caloric diet rich in carbohydrates. 


SYNOPSIS OF CASE REPORTS 


Case 1.—J. J., white, man, aged 34, was admitted to St. Luke’s Hospital, 
Nov. 12, 1917, and discharged recovered, Dec. 19, 1917. 

Diagnosis: Typhoid fever. 

The past medical history was unimportant. The present illness began three 
weeks before admission to the hospital, with headache, malaise, lassitude, weak- 
ness, epistaxis and diarrhea. These symptoms increased in severity, and two 
weeks before admission the patient was confined to bed. Nov. 12, 1917, the 
physical examination was essentially negative. Blood examination, Nov. 12, 
1917: hemoglobin, 80 per cent. (Sahli); white cells, 3,440 per c.mm.; differential 
count, polynuclear leukocytes, 75 per cent., small lymphocytes, 20 per cent., 
large mononuclears, 5 per cent. The Widal reaction was positive in a dilu- 
tion of 1:80. Blood culture was sterile. The Wassermann reaction was 
negative. Weekly examinations of the urine were negative except for the find- 
ing of a trace of albumin on one occasion. Phenolsulphonephthalein excretion 
was 40 per cent. in two hours. Sputum and stool examinations were negative. 
The course of the disease was uneventful. The patient did not manifest the 
symptoms of severe toxemia. 

Case 2.—J. M., white, man, aged, 35, was admitted to St. Luke’s Hospital, 
Nov. 26, 1917, and discharged recovered, Jan. 8, 1918 

Diagnosis: Typhoid fever. 

The previous medical history was unimportant. The present illness began 
seventeen days prior to entering the hospital, with nausea, vomiting and diar- 
rhea. The patient was not confined to bed until after admission to the hos- 
pital. The physical examination on November 26, was essentially negative. 
Blood examination, November 26: hemoglobin, 90 per cent. (Sahli); white cells, 
3,360 per c.mm.; differential count, polynuclear leukocytes 74 per cent., 
small lymphocytes 16 per cent., large mononuclears 10 per cent. The Widal 
reaction was positive in a dilution of 1:80. The blood culture showed the 
typhoid bacillus. The Wassermann reaction was negative. Examinations of 
the urine showed an occasional trace of albumin during the febrile period but 
no other pathologic elements. Phenolsulphonephthalein excretion was 60 per 
cent. in two hours. Examinations of the sputum and feces were negative. 

The course of the disease was uneventful. At times a mild delirium was 


present. 

Case 3.—L. M., white, man, aged 20, was admitted to St. Luke’s Hospital, 
Nov. 29, 1917, and discharged recovered, Jan. 16, 1918 

Diagnosis: Typhoid fever. 
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The past medical history was unimportant. The present illness began two 
weeks prior to admission to the hospital, with malaise, lassitude, anorexia, 
nausea, weakness, and slight epistaxis. November 21 the patient was first 
confined to bed. November 30 the physical examination was essentially nega- 
tive. Blood examination, November 29: hemoglobin, 80 per cent. (Sahli); 
white cells, 5,200 per c.mm.; differential count, polynuclears 70 per cent., 
small lymphocytes 24 per cent., large mononuclears 5 per cent., eosinophils 
1 per cent. The Widal reaction was positive in a dilution of 1:80 and the 
blood culture showed typhoid bacillli. The Wassermann reaction was negative. 
Urine examinations were negative, except for a trace of albumin on one occa- 
sion. Phenolsulphonephthalein excretion was 60 per cent. in two hours. Exami- 
nation of the feces was negative 

The only striking feature during the course of the disease was that the 
hemoglobin fell from 80 per cent. on November 28, to 50 per cent. by Decem- 
ber 5, after which date it gradually again increased. 


Case 4 \. F., white, man, aged 47, was admitted to St. Luke’s Hospital, 
Nov. 22, 1917, and discharged recovered, Dec. 24, 1917. 

Diagnosis: Rheumatic fever (subacute). 

No history was obtainable since the patient spoke only Italian. His phy- 
sician sent the patient to the hospital with the diagnosis of rheumatic fever. 
On admission to the hospital the patient complained of pain in the right 
popliteal space and muscles of the thigh on motion of the leg. Slight pain in 
the deltoid muscles was caused by motion of the arms There was some stiff- 
ness of the fingers and slight pain on motion in the metacarpophalangeal joints. 
The skin over the knuckle joints was somewhat reddened. The backs of the 
hands appeared to be swollen but did not pit on pressure. Otherwise, physical 
examination was negative. Blood examination, Nov. 22, 1917: hemoglobin, 
60 per cent. (Sahli); white cells, 25,680 per c.mm. Differential count: poly- 
nuclear leukocytes 90 per cent., small lymphocytes 5 per cent., large mono- 
nuclears 5 per cent. Blood culture was negative. The Wassermann reaction 
was positive on two occasions. Urine examinations were negative. Phenol- 
sulphonephthalein excretion was 60 per cent. in two hours 

The meager objective symptoms of arthritis disappeared within a week. 
Up to within a few days of the subsidence of the fever the patient had occa- 
sionally painful joints, but only on motion. The leukocytosis disappeared 
shortly before the return of the temperature to normal. 


Case 5.—J. M., white, man, aged 25, was admitted to St. Luke’s Hospital, 
Nov. 27, 1917, and discharged recovered, Jan. 1, 1918 

Diagnosis: Bronchopneumonia (streptococcic). 

The patient spoke only Greek and no history was obtainable. Physical 
examination, November 28, elicited dulness in the lower right axilla and at 
the base of the right lung posteriorly. Over these areas breath sounds were 
almost inaudible and there were numerous fine crackling rales and a pleural 
friction rub. Over the upper portion of the right chest there were a small 
number of medium sized crackling rales Roentgenographic studies showed 
scattered areas of consolidation throughout the right lung. Blood examination, 
November 29: hemoglobin, 75 per cent. (Sahli); white cells, 10,000 per c.mm.; 
differential count, polynuclear leukocytes 74 per cent., small lymphocytes 
25 per cent., large mononuclears 1 per cent. December 8, white cells, 9,720 
per c.mm., December 19, white cells 24,800 per cmm. The blood culture 
on November 28 showed a growth of streptococci, and on December 12, it was 
negative. During the periods of fever the urine examinations showed a trace 
of albumin to be present. Phenolsulphonephthalein excretion was 60 per cent. 
in two hours. Sputum examinations showed no acid fast bacilli. The fever 
fell by crisis two days after admission of the patient to the hospital. The 
temperature remained normal for two weeks and then a second febrile period 
began. The areas of dulness in the chest and the roentgenographic findings 
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persisted until a short time before the patient was discharged. Throughout the 
course of the disease symptoms of severe toxemia were not manifested. 

Case 6.—M. M., white, man, aged 19, was admitted to St. Luke’s Hospital, 
Nov. 10, 1917, and discharged improved, Nov. 23, 1917. 

Diagnosis: Pulmonary tuberculosis. 

The past medical history was unimportant. The present illness had begun 
nine days prior to admission to the hospital, with headache, backache, anorexia, 
and a nonproductive cough. Physical examination, November 11, elicited the 
signs usual of consolidation in the apex of the left axilla. Roentgenograms 
showed a well defined area of consolidation in the upper lobe of the left lung 
and smaller areas scattered throughout the remainder of the lung. Blood 
examination, November 11: hemoglobin, 85 per cent. (Sahli); white cells, 6,960 
per c.mm.; differential count, polynuclear leukocytes 70 per cent., small 
lymphocytes 25 per cent., large mononuclears 5 per cent. The Widal reaction 
and the blood culture were negative. The Wassermann reaction was positive. 
Sputum examinations showed no acid fast bacilli. Examinations of the urine 
and feces were negative. Phenolsulphonephthalein excretion was 60 per cent. 
in two hours. 

The patient had only an occasional slight cough during his stay in the hos- 
pital. The fever gradually decreased. There were no complications, 


Case 7.—E. P., white man, aged 27, was admitted to St. Luke’s Hospital, 
Nov. 18, 1917, and discharged improved, Dec. 24, 1917. 

Diagnosis: Hemopneumothorax; pulmonary tuberculosis. 

The past medical history was unimportant. The history of the present 
illness was indefinite, since the patient had been on an alcoholic spree prior 
to admission to the hospital. On physical examination, November 19, there 
were found signs characteristic of pleurisy with effusion involving the entire 
left chest. To these signs were added a distinct “coin sound,” especially audible 
over the lower half of the left chest. On thoracentesis air and several hundred 
cubic centimeters of blood were aspirated from the left pleural cavity. Blood 
examination, November 19: hemoglobin, 70 per cent.; white cells, 26,720 per 
c.mm.; differential count, polynuclear leukocytes 72 per cent., small lymphocytes 
26 per cent., large mononuclears 2 per cent. The Wassermann reaction was 
negative. The examinations of the urine were negative except for the occa- 
sional finding of a trace of albumin and a hyaline cast. Phenolsulphonephthalein 
excretion was 60 per cent. in two hours. The sputum examinations showed no 
acid fast bacilli. 

The patient manifested no signs of severe toxemia throughout his stay 
in the hospital. The physical findings did not change. 

Case 8.—V. I., white man, aged 43, was admitted to St. Luke’s Hospital 
Nov. 29, 1917, and discharged recovered Dec. 19, 1917. 

Diagnosis: Fever of unknown cause. 

No history obtainable; the patient did not speak English 

Physical examination, November 30, was essentially negative. Blood exami- 
nation, December 1: hemoglobin, 75 per cent. (Sahli); white cells, 2,520 per 
cmm.; differential count, polynuclear leukocytes, 60 per cent.; small lympho- 
cytes, 30 per cent.; large mononuclears, 10 per cent. The Widal reaction was 
negative. Examinations of the feces, sputum and urine were negative. 

The course of the patient’s disease was uneventful. There were no mani- 
festations of severe toxemia. 

Case 9.—W. C., white, man, aged 27, was admitted to St. Luke’s Hospital 
Dec. 3, 1917, and discharged recovered Jan. 5, 1918. 

Diagnosis: Lobar pneumonia (type not determined). 

The past medical history was unimportant. The present illness began two 
days before admission to the hospital, with a chill and pleuritic pain in the 
left side of the chest. On physical examination, December 14, a small area 
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of pulmonary consolidation was found in the region of the angle of the scapula 
in the left back. The roentgenogram showed a small area of consolidation to 
be present in this region. Blood examination, December 14: hemoglobin, 80 
per cent. (Sahli); white cells, 19,000 per cmm.; differential count, polynuclear 
leukocytes, 78 per cent.; small lymphocytes, 14 per cent.; large mononuclears, 
8 per cent. The sputum was mucopurulent and blood tinged. No acid fast 
bacilli were found. The examinations of the feces and urine were negative. 
Phenolsulphonephthalein excretion was 60 per cent. in two hours. 

[he fever fell by lysis. The area of consolidation disappeared after twelve 
days’ stay in the hospital. 

Case 10.—A. C., white, man, aged 28, was admitted to St. Luke’s Hospital 
Jan. 9, 1918 

Diagnosis: Tuberculous bronchopneumonia 

[he past medical history was unimportant. The present illness began three 
weeks prior to admission to the hospital, with anorexia, frequent vomiting and 
much coughing, with a large amount of mucopurulent sputum. On physical 
examination, January 10, signs of pulmonary consolidation were found at the 
angle of the scapula, the apex of the axilla and the anterior portion of the 
right chest. Medium and fine crackling rales were audible throughout both 
lungs. Blood examination, January 1: hemoglobin, 70 per cent. (Sahli) ; white 
cells, 16,480 per cmm.; differential count, polynuclear leukocytes, 70 per cent 
lymphocytes, 26 per cent.; large mononuclears, 4 per cent. Blood culture was 
negative. The Wassermann reaction was negative. The urine contained a faint 
trace of: albumin, but no other pathologic elements. The sputum contained 
acid-fast bacilli. 

The patient was still under observation January 24.- Other than the cessation 
in the loss in weight his condition remained the same during observation in 
the hospital 

Case 11.—S. J., white, man, aged 50, was admitted to St. Luke’s Hospital 
Dec. 23, 1917 

Diagnosis: Tuberculous bronchopneumonia. 

The past medical history was unimportant. The present illness began two 
months prior to admission to the hospital with weakness and anorexia. Three 
days before admission he was seized suddenly with pleuritic chest pain, a pro- 
ductive cough and vomiting. Physical examination, December 24, revealed 
signs of pulmonary consolidation over the entire front of the right side of the 
chest. Numerous medium and fine crackling rales were present throughout 
both lungs. Blood examination, December 24: hemoglobin, 60 per cent. (Sahli) ; 
white cells, 10,480 per cmm.; differential count, polynuclear leukocytes, 60 per 
cent.; lymphocytes, 10 per cent.; large monnouclears, 30 per cent.; red cells, 
3,610,000 per cmm. The urine contained a small amount of albumin and a few 
hyaline casts. The sputum was pneumonic in character and contained acid 
fast bacilli. ’ 

The patient ran a high temperature, varying about 2 degrees from morning 
to night. January 7 bronchial breathing developed in the right intrascapular 
region. ; 

Case 12.—J. S., white, boy, aged 12, was admitted to St. Luke’s Hospital 
Dec. 7, 1917, and discharged recovered Jan. 18, 1918. 

Diagnosis: Fever of unknown cause. 

The past medical history was unimportant. The present illness began one 
week prior to admission to the hospital, with diffuse abdominal pain, diarrhea 
and epistaxis. Later, malaise and lassitude developed. On physical examina- 
tion, December 8, an enlarged, firm, smooth and nontender spleen was palpable 
at the left costal border. Otherwise physical examination was negative. Roent- 
genographic studies of the lungs were negative. Blood examination, December 











Dp 


1918 





CREATIN EXCRETION IN FEVER 729 


8: hemoglobin, 72 per cent.; white cells, 6,550 per cmm.; differential count, 
polynuclear leukocytes, 68 per cent.; lymphocytes, 10 per cent.; large mononu- 
clears, 22 per cent.; red cells, 4,160,000 per cmm. The Widal reaction on two 
occasions was negative, as were also the blood cultures. Examinations of the 
urine and feces were negative. 

The patient had two febrile periods of seven and eighteen days’ duration, 
separated by an interim of a week. He manifested no symptoms of severe 
toxemia in spite of a high fever. The enlarged spleen disappeared after the 
second febrile period had ended. 


Case 13.—J. C., white, man, aged 30, was admitted to St. Luke’s Hospital 
Nov. 24, 1917, and discharged recovered Dec. 31, 1917 

Diagnosis: Lobar pneumonia (Type IV). 

The past medical history was unimportant. The present illness began one 
week prior to admigsion to the hospital, with a chill, pleuritic pain in the 
chest, cough and bloody, tenacious sputum. Physical examination, November 25, 
elicited the signs of pulmonary consolidation in the left infraclavicular fossa 
and the apex of the left axilla. The skin and the sclerae were icteric. Blood 
examination, November 26: hemoglobin, 60 per cent.; white cells, 36,880 per 
cmm.; differential count, polynuclear leukocytes, 91 per cent.; lymphocytes, 5 
per cent.; large mononuclears, 1 per cent.; eosinophils, 1 per cent.; mast cells, 
2 per cent. Blood culture showed pneumococci belonging to Type IV. The 
Wassermann reaction was negative. Urine examinations showed a _ small 
amount of albumin and bilirubin. The sputum was typically pneumonic in type 
and was deeply bile stained. 

The crisis occurred on the fourth day in the hospital. The icterus disap- 
peared on the twelfth day. The signs of pulmonary consolidation had disap- 
peared by December 8, both on physical examination and by the roentgen ray 


Case 14.—A. B., white, man, aged 23, was admitted to St. Luke’s Hospital 
Nov. 22, 1917, and discharged recovered Dec. 13, 1917. 

Diagnosis: Lobar pneumonia (stage of resolution). 

No history was obtainable, due to the patient’s inability to talk English. 
The patient entered the hospital during the pneumonic crisis. On physical 
examination, November 22, there were found the signs of pulmonary con- 
solidation in the entire upper lobe of the right lung. There were numerous 
medium and fine crackling rales throughout this lung. There was some cough, 
with mucopurulent, bloody sputum. Blood examination, November 22: hemo- 
globin, 62 per cent.; white cells, 8 160 per cmm.; differential count, polynuclear 
leukocytes, 67 per cent.; lymphocytes, 31 per cent.; large mononuclears, 2 per 
cent. The Wassermann reaction was positive. The urine examinations were 
negative. Phenolsulphonephthalein excretion was 60 per cent. in two hours. 
The sputum was mucopurulent and slightly streaked with blood. It did not 
contain acid fast bacilli. 

In about one week the cough and sputum ceased. By December 4 the signs 
of pulmonary consolidation had disappeared. 


Case 15.—J. G., white, man, aged 35, was admitted to St. Luke’s Hospital 
Dec. 17, 1917, and discharged recovered Jan. 4, 1918. 


Diagnosis: Lobar pneumonia. 


The patient did not speak English and no history was obtained. On physi- 
cal examination, December 18, signs of pulmonary consolidation were present 
in the apex of the right axilla, the right suprascapular fossa and the right 
intrascapular region. There was no cough and no expectoration. Blood exami- 
nation, December 7: hemoglobin, 80 per cent.; white cells, 23,000 per cmm.; 


differential count, polynuclear leukocytes, 93 per cent.; lymphocytes, 2 per 




















730 ( i M’CLURE ARCH. 


cent.; large mononuclears, 5 per cent. Urine examinations showed occasionally 
a trace of albumin. Phenolsulphonephthalein excretion was 60 per cent. in two 
hours 

The crisis occurred the third day in the hospital. The signs of pulmonary 
consolidation had almost disappeared by December 29, and on January 4 were 
no longer present 

Case 16.—P. D., white, boy, aged 20, was admitted to St. Luke’s Hospital 
Nov. 17, 1917, and discharged recovered Jan. 11, 1918. 

Diagnosis: Typhoid fever. 

The patient did not speak English and no history was obtained. The 
physical examination was essentially negative. Roentgenographic studies of 
the lungs were negative. The course of the disease was that of a case of 
typhoid fever with marked passive delirium. Blood examination, November 17: 
hemoglobin, 70 per cent.; white cells, 5,040 per cmm.; differential count, poly- 
nuclear leukocytes, 68 per cent.; lymphocytes, 19 per cent.;.large mononuclears, 
13 per cent. Two Widal reactions and two blood cultures were negative. The 
Wassermann reaction was negative. The urine contained a considerable amount 
of albumin throughout the period of fever, and also a variable number of casts. 
These findings disappeared after the fever subsided. Phenolsulphonephthalein 
excretion was 60 per cent. in two hours. Examination of the feces was 
negative 

Case 17.—J. S., white, man, aged 35, was admitted to St. Luke’s Hospital 
Oct. 4, 1917, and discharged recovered Nov. 15, 1917 

Diagnosis: Typhoid fever. 

[he past medical history was unimportant. The present illness had begun 
five days prior to admission to the hospital, with malaise, lassitude, anorexia 
and epistaxis. During this period the patient was confined to bed. On physical 
examination, October 5, the liver and spleen were palpated at the costal 
margins. Otherwise the examination was essentially negative. Blood exami- 
nation, October 5: hemoglobin, 70 per cent.; white cells, 4,000 per cmm. The 
Widal reaction was positive in a dilution of 1:80. Urine examinations were 
negative. Phenolsulphonephthalein excretion was 60 per cent. in two hours. 
The index of urea excretion (McLean) on October 15 was 119 per cent., and 
on November 1, 243 per cent. Blood urea nitrogen was 8 mg. per 100 c.c. of 
blood 

The patient had continuous fever for the first five days in the hospital. A 
recrudescence occurred from the fourteenth to the sixteenth days. The enlarged 
spleen disappeared with the approach of convalescence. There were no symp- 
toms manifesting severe toxemia. 

Case 18.—G. K., white, man, aged 37, was admitted to St. Luke’s Hospital 
Oct. 2, 1917, and discharged recovered Nov. 10, 1917. 

Diagnosis: Typhoid fever. 

The past medical history was unimportant. The patient had been confined 
to bed for the five days prior to admission to the hospital with headache, 
malaise, chilliness and feverishness. On physical examination, October 3, the 
spleen was palpated at the left costal margin. Otherwise the examination was 
essentially negative. Blood examination, October 3: hemoglobin, 80 per cent. 
(Sahli) ; white cells, 5,000 per cm.; the Widal reaction was negative. Urine 
examinations were negative except for an occasional trace of albumin. Phe- 
nolsulphonephthalein excretion was 50 per cent. in two hours. The index of 
urea excretion (McLean) was 276 per cent. on November 1, and the blood 
urea nitrogen was 7 mg. per 100 c.c. 

The patient had fever while under observation for a period of ninteen days. 
There were no complications and no symptoms of severe toxemia. The enlarged 
spleen disappeared near the end of the febrile period. 
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Urtnary CREATIN, CREATININ, AND Uric Acip In Fevers—(Continued) 








Amount Maximum and Minimum 
Case Day in of Urie Creat Crea Weight — aa 2 
No Hos Urine in Acid inin tin in Temper- Respira 
pital 4 Hrs. in Gm in Gu n Gi kg ature, F Pulse tion 
in C.¢ 
4 24 1,600 0.345 0.806 0.000 56.5 7.0 100 4 
(cont 98.0 wu) 24 
1,060 0.138 0.498 0.000 j 99.0 st) 0 
| 8.0 6s 0 
| 
26 27,000 0.359 0.856 0.000 0.0 a4 »9 
0 ma) 0 
27 2,220 0.555 0.844 0.000 | , 79.0 ag) » 
98.4 8 22 
238 1,060 0.360 0.891 0.000 0.0 R4 4 
07. SO 20 
29 2,260 0.305 0.981 0.000 | 99.0 a4 4 
| 8.4 =U 4 
R > 1 755 0.265 1.178 0.398 | 58 101.0 vt) 4 
i 101.0 oe | 4 
, 970 0.604 1.178 0.398 101.0 = 1) 
; 99.0 ” 4 
3 970 0.584 1.469 0.0K 09.0 104 2] 
! 98.0 7 4 
4 825 0.584 0.98 0.148 09.0 aS 24 
17.0 64 4 
) 5 965 0.314 1.07 0 4 On ~ 4 
if ™ U7 
- 
: 6 980 0.524 1.083 0.127 57 ORE Se 4 
: 70 “oO 0 
7 1,720 0.503 1.586 0.134 w.0 a4 o 
17.0 7 18 
. 1,025 0.391 O.9T7 0.11 : mS R4 ”) 
s : ~ 
) 1,110 0.271 1.354 0.000 a oR 8 " ”) 
7A on 18 
10 1,200 0.314 1.000 0.000 7 ORS 68 99 
; 17.4 4) “) 
4 
‘ 11 1,45. 0.34 l ux m0 4 
7.8 7 18 
i 12 1,440 0.314 0.986 0.000 mf 7 20 
7 7 “Oo is 
P 12 1.970 0.406 1.447 0.000 7 Rf 64 0 
s.0 é 18 
i 14 505 t 0.000 ~ 0.0 68 ”) 
98.0 52 20 
15 lost o.4 64 ” 
UAT mo 18 
16 1,280 0.320 1.000 0.000 100.8 84 20 
79.0 64 20 
17 RES 0.278 1.106 0.000 100.6 gS ba) 
VALO ™) 20 
18 725 0.207 0.761 0.000 101.4 a4 19 
Os 6 oD 20 
19 500? ? ? 0.000 100.0 RR °0 
79.8 mt) 20 








ATIN EXCRETION FEVER 


UrINARY CREATIN, CREATININ, AND Uric Acip 


IN Fevers—(( 


niinued) 
Amount Maximum and Minimum 

Oo Uric res Weight 
Urine in Acid nin n in Temper Respira 
24 Hre in Gm in I I I ke ature, F Pr tion 
in C.c. 


1is€ 


1,066 


5 
(cont.) 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.184 


























i 

: 
: 
\ 
i 


1,490 


1,000 


1,185 


? 005 


1,045 


1,890 


?.030 


1,845 


1,475 


2,110 


140 


1,530 


2.675 


M40 


300 


Hoo 


0.708 


0.351 


0.624 


0.624 


0.468 


0.318 


0.652 


0.574 


AND 








1.027 


0.686 


Uric Acip IN 


0.000 


).000 


0.000 


0.062 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


».000 


0.000 


Weight 
in 


Kg 


56.4 


FEVER 
Maxim 


Temper 
ature, F 


Ww 


97 


ga 
97 


a9 
yes 


100 


6 
0 


0 
0 


0 


0 


0 


6 














(Continued ) 
m and Minimun 
Respira 
Pulse tior 
96 24 
72 20 
S4 22 
74 20 
108 26 
80 22 
o6 24 
76 4 
Ss 24 
80 2 
7 
76 24 
o4 4 
sO 20 
100 24 
76 20 
RS %4 
80 0 
Si 4 
64 0 
4 = 
if Vv 
” 4 
76 0 
90 24 
76 24 
24 
2 
betel ”) 
76 20 
B4 ‘4 
76 1) 
104 24 
80 0 
112 8 
4) a 
lf 8 
104 2 
4 
1% 0 
Y] . 
~~ 2 
11 
yh 
( 





CREATIN EXCRETION 


RINARY CREATIN, CREATININ, AND Uric Acip IN Fevers ntinued) 


Amount Maximum and Minimum 
Case Day in of Weight - 
No. Hos Urine in i in Temper Respira 
pital 24 Hrs } m } } kg ature, F Pu tion 
in C.c. | 


7 1,370 


(cont 


0.000 
0.000 


0.000 
0 


0.000 101.0 


0.000 7 100.4 


v8.6 


0.000 0.6 
98.0 


100.0 
98.4 


0.000 101.0 
98.6 


0.000 


0.000 
0.000 
0.000 


0.101 


0.000 


0.000 








i et 


URINARY 


Case 
No. 


(cont 


Day 
Hos 
pital 


iD 





(_REATIN 


Amount 


oO 
Urine 
24 Hrs 
in O.€ 


stn) 


1,220 


1,135 


1.700 


1,520 


1,650 


1400 


2,440 


1,606 


1,985 


in 


CREATININ, 


Acid 


bGl 


0.494 


0.484 


W 


AND 


Creat 
nin 
in Gu 


1.389 


1.220 


1.680 


W’CLURE 


Uric Actip 1n Fevers—(C y»ntinued ) 


bGUl 


0.111 


0.000 


0.000 


0.071 


0.000 


0.000 


0.008 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


0.000 


9.000 


0.000 


0.000 


0.000 


0.000 


0.000 


Weight 
in 


kg 


51 


Maximum and Minimut 


Temper 


at 


ire, 


103.8 


100.0 


108.6 


¥¥.0 


101.0 
vv.0 
99.0 
98.0 
7.0 
v7.4 
0 
97.6 
98.0 
97.4 
99.0 
97.0 
og 6 


97.0 


18.6 
97.6 


99.0 
97.0 


100.4 
vv.0 


102.8 
100.0 


101.0 
99.6 


94 


99.6 


98.4 


F 


Pulse 


sO 


76 


yy 
46 


ge 


80 


100 
80 


80 
64 


64 





Respira 


tion 


20 


20 
18 
18 


20 


16 


ARCH 
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Urrnary CREATIN, CREATININ, AND Uric AcID IN Fevers—(Continued ) 








Amount Maximum and Minimum 
Case Day in of Urie Creat- Crea Weight _— —_-—— — 
No. Hos Urine in Acid inip tin in Temper Respira- 
pital 24 Hrs. in Gm in Gm. in Gm Kg. ature, F. Pulse tion 
in O.c. 

y y 1,510 0.380 1.676 0.000 100.0 80 20 
(cont v8.4 68 18 
10 1,020 ).271 1.132 0.000 102.0 80 24 
W838 64 24 

ll 1,800 0.367 1.800 0.000 99.0 80 24 
98.6 G4 24 

12 1,520 0.328 1.520 0.000 58 wO4 80 24 
98.6 64 24 

13 1,330 0.287 0.838 0.000 99.8 ~ “4 
98.4 60 18 

l4 1,500 0.302 1,368 0.000 99.0 80 24 
98.0 72 24 
15 1,410 0.268 1.128 0.000 : 99.0 72 aU 
98.6 60 20 
16 1,120 0.198 1.018 0.000 : 99.4 72 20 
98.4 64 20 

17 2,135 0.405 1.836 0.000 99.4 92 24 
98.0 6 24 

18 1,475 0.319 1.287 0.000 . 98.8 80 24 
98.0 72 24 

19 2.000 0.554 1.538 0.000 58 08.8 74 °4 
98.4 & 24 

2%” 800 0.262 0.869 0.000 99.8 74 2 
98.4 oO 24 

21 1,295 0.204 1.439 0.000 98.6 68 24 
97.6 60 24 
22 1,655 0.320 1.798 0.000 18.6 72 24 
98.0 72 24 
23 1,380 0.299 1.254 0.000 és 98.6 68 24 
98.6 68 24 

10 2 een eee ecco eee 54 

3 79 0.465 1.286 0.000 102.8 112 28 
102.0 100 28 
4 735 0.282 1.049 0.118 103.0 112 23 
100.8 100 238 
5 630 0.4904 1.050 0.525 108.0 112 8 
101.4 y2 26 
6 490 + 0.4154 0.650 + 0.413 103.0 110 28 
101.6 96 6 
7 770 0.638 1.070 0.470 51 102.8 102 28 
101.4 96 26 
Ss 520+ 0.298 + 0.7414 0.468 - 102.6 108 28 
100.6 100 23 
y 340+ 0.291 +4 0.607 + 0.364 102.6 104 26 
101.0 96 26 
10 710 1.065 1.291 0.577 102.6 108 28 


100.6 100 23 


























742 ( i WCLURE f f 
URINARY CREATIN, CREATININ, AND Uric Acip In Fevers Continu 
) 
; Amount Maximum and Minimur 
Day in of Uric ( at Crea Weight -- 
Hos Urine in Acid inin tin in Temper Respira 
pital 4 Hrs bn Gm in Gm pn Gm Kg ature, F Pulse tion 
n O.e 
ll 2 oe = 48.6 
, 45 
l RO 0.455 0.960 0.000 7 12.6 ll °6 
100.0 ” 26 
l me) 0.353 0.72 0.000 102.0 124 8 
100.0 na 6 
13 650 0.421 0.81 0.000 102.4 1] JU 
10.0 ss 26 
l4 ORO 0.219 0.750 0.000 12.8 12% “> 
100.0 ss * 
15 605 0.7% 0.000 1038.0 l 44 
100.0 100 30 
16 lost . 4 108.0 128 
100.0 116 s 
Ll; 740 4140 0.967 ooo l 0 13 40 
102.0 112 32 
18 00 0.378 0.758 0.000 102.6 13” r 
00.0 104 3 
1W vsRD 00° 0850 uo f ~ 
100.4 108 Ss 
0 1,055 0.535 0.88 000 103.0 124 g 
100.0 ” 8 
: 
1 40 0.54 0.136 103.4 124 8 
vv.0 118 . 
‘ 1,110 1.000 0.000 45 122.8 120 28 
99.0 96 26 
} 1,120 0.612 0.855 0.000 17.0 110 6 
} 100.0 aS ry 
650 0.580 0.812 0.000 1”.0 112 Dg 
100.0 ” 6 
D 8 900 0.562 0.9090 0.000 102.0 104 2 
; 5 m) 28 
12 4 e . 26.4 
} 
: 7 55 0 0.542 0.189 1 11¢ { 
ti 17.8 x 4 
{ 
8 900 0.247 0.473 0.107 101. 100 4 
i 2.0 a 4 
1" y 906 0.237 0.362 0.045 27.7 09.0 " ‘ 
8.4 | i 
10 1,335 0.312 0.494 0.008 00 100 ‘ 
11 1,860 0.298 0.465 0.087 0 0 92 4 
98.4 98.4 22 
12 1,370 0.3538 0.630 0.000 . vo # 14 o%4 
98.6 80 22 
1 15o8o 0.298? 0.600 0.000 ‘ OOF al vd 
98.6 sO 20 
i4 1,320 0.290 0.523 0.000 100.0 112 4 


98.6 80 20 








YCRETION 


URINARY CREATIN, CREATININ, AND | 


Amount Maximum an 
Case Day in of Uric 
No Hos Urine in Acid j 
pital 24 Hrs in Gm in ature, F 
in C.e. 


12 
(cont 
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Urinary Creatin, CrEATININ, AND Uric Acip In Fevers—(Continued) 
; Amount Maximum and Minimum 
i Case Day in of Uric Creat- Crea- Weight —— —_——_ 
No Hos- Urine in Acid inin tin in Temper- Respira- 
pital 24 Hrs. in Gm. in Gm. in Gm. Kg. ature, F. Pulse tion 
in O.c. 
H on ———— ——E - ——— 
13 1 56 
1,215 0.530 1.276 0.547 = 104.0 128 48 
100.6 104 36 
8 1,420 0.861 1.291 0.982 ee 106.0 132 32 
j 102.8 120 23 
4 1,410 0.989 1.282 0.792 ‘ 128.0 128 30 
; 88.0 83 20 
a) s 5 1,170 0.779 1.004 0.602 : 101.0 102 30 
: 7.8 76 26 
6 1,110 0.778 1.232 0.899 - 100.8 100 30 
99.0 72 22 
7 770 0.404 1.009 0.650 8 06 32 
99.0 60 24 
f 8 1,185 0.498 1.148 1.097 oe 99.8 68 28 
: 98.6 60 20 
F v sia) 722 1.260 0.666 100.0 80 24 
x 98.0 64 20 
10 920 0.767 1.045 0.737 51.8 9.0 76 24 
sf 98.6 60 20 
} 11 650 0.591 0.764 0.319 - 99.0 AS 28 
‘i 97.8 56 20 
; 4 
12 1,220 0.813 1.108 0.855 ee 100.6 70 24 
98.0 56 20 
hi | 13 820 0.452 0.966 0.248 as 99.0 72 24 
ij 97.0 60 20 
: 
f 14 955 + 0.6734 0.318+ ‘ 99.0 60 20 
97.0 44 2 
15 850 0.488 1.207 ° 0.000 J, 98.8 70 24 
97.0 5O 18 
16 906 0.529 0.983 0.148 ° 98.6 62 20 
97.0 62 18 
17 1,185 0.327 0.912 0.000 52.3 99.0 52 20 
97.8 48 20 
18 1,060 0.317 1.050 0.000 7.0 70 22 
97.6 56 18 
19 1,495 0.434 1.151 0.000 = vO 70 20 
97.0 52 18 
”) 735 0.196 0.816 0.000 : 9.4 76 4 
98.0 60 20 
940 0.290 1.147 0.000 ; 100.0 76 20 
97.8 60 20 
; »” 1,245 0.384 1.132 0.000 os 99.4 76 20 
4 97.6 oO 20 
| QRS 0.371 1.034 0.000 ‘ 99.0 76 20 
97.8 60 20 
: 4 1,420 0.298 0.916 0.000 55. 99.0 72 20 
97.6 60 18 
i ee a — — 
f ° 





CREATIN EXCRETION IN FEVER 


UrinARY CREATIN, CREATININ, AND U Acip 1N Fevers—(Continued) 


Amount Maximum and Minim: 

of Urie Creat Crea Weight —- - 
Urine in Acid inin tin in Temper- Respira 
24 Hrs. in Gm in Gm in Gm Kg ature, F. Pulse tion 
in O.e. 


1.136 

0.636 

0.549 

0.508 

0.481 0.362 

0.810 0.409 

0.419 5 0.175 
0.000 


0.000 


0.000 


o.000 

0.000 

0.257 
0.670 35 0.000 
0.519 


0.281 2 0.000 
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Urinary CREATIN. CREATININ, AND Uric Acip IN Fevers—(( ntinued ) 


























Amount Maximum and Minimum 
Case Day in ot Urie Creat Crea- | Weight ~ —_—_———___. 
Ne Hos Urine in Acid inin tin in Temper- | Respira- 
pital 4 Hrs n Gm in Gm in Gun Kg ature, F Pulse | tion 
in U.e, 
5 1,500 0.382 1,192 0.000 98.0 7 4 
(cont 96.0 60 24 
8 985 0.302 0.982 0.000 53 9.0 72 | 24 
97.0 6 24 
> 80 0.248 0.861 0.000 100.0 24 
97.0 52 20 
lé 56.4 
l4 49.5 
i 48 
1,9 0.45 0.720 0.10] w4 &8 24 
98.4 7 20 
s 210 0.544 0.914 0.136 99.0 84 24 
97.6 64 22 
i 9 l, 0.387 0.606 0.051 OR a4 22 
{ 98.0 68 9 
H 1) 2,130 0.609 0.805 0.000 99.0 84 20 
97.6 4 20 
1,805 0.451 0.794 0.000 oe 99.0 80 20 
\ 97.8 74 20 
1,410 0.329 0.671 0.000 45.4 98.8 RO 2%” 
H 97.0 os 20 
83 2,125 0.497 0.748 0.000 90.4 si 20 
98.0 2 
4 1,860 0.495 0.874 0.000 99.4 70 20 
; 17.8 60 18 
at 
5 105 0.498 0.956 0.000 99.6 4 0 
} mt ” 0 
SF 1,335 0.206 0.621 0.000 90.4 68 0 
i 97.4 18 
37 1,95 0.407 0.866 0.000 100.0 7 20 
98.¢ 64 18 
ae | us 2,225 0.387 0.984 0.000 . 100.0 76 22 
te 98.6 7 20 
- 
}, &Y 2,250 0.392 0.84: 0.000 48 99.0 ™ 20 
98.4 56 18 
40 1,990 0.370 0.915 0.000 9.0 72 20 
7.0 v 20 
. Gm. of 
PeOs Ex 
creted in 
24 Hrs. 
I l 2.050 0.957 100.0 90 
: 98.0 80 
* 
: 11 1,440 0.655 2.475 58 100.0 80 
| 98.6 75 
1,540 0.762 2.883 ‘ ‘ 99.0 80 
98.0 0 
1,420 0.551 2.633 eee ee 99.0 70 
98.0 60 
- 








CREATIN EXCRETIOD 


Urinary CreATIN, CREATININ, AND Uri 


Amount Gm. of 
Case Day in 0 Urie P2Os Ex 
No Hos Urine in Acid ereted in tin remper 
pital 24 Hrs in Gm 24 Hrs in Gm ature, F 
in C.c 


Maximum ar 
Crea 


17 


1.610 
(cont 
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: Urtnary Creatin, Creatinin, AND Uric Acip in Fevers —( Continued) 
- 7 ~ a ima 7 cae 
Amount Gm. of Maximum and Minimum 
Case Day in of Urie P2Ocs Ex Crea Weight —_ -—-- —— 
No Hos Urine in Acid ereted in tin in Temper Respira 
pital 24 Hrs in Gu 4 Hrs in Gu Kg ature, F Pulse tion 
in C.c. 
18 10 wo 0.681 0.353 “ 102.6 Phas 
99.6 75 
il 1,000 0.579 1.020 64.5 102.0 100 
100.6 a 
12 540 0.338 0.412 ee ee 101.4 1x 
100.0 sO 
13 770 0.513 1.245 see ° 101.4 100 
00.4 » 
14 570 0.454 0.668 102.0 ” 
100.0 7 
15 &) 0.566 1.172 10?.4 5 
100.0 70 
16 760 0.528 1.258 102.4 us 
101.0 70 
17 450 0.322 1.071 102.4 S 
100.0 70 
18 500 0.410 0.920 12.0 8 
100.0 7 
19 680 0.485 1.080 ee ee 101.0 m 
: 98.0 65 
: 20 1,000 0.708 1.112 64.5 101.4 100 
4 6 
21 850 0.506 —_— : ; 101.4 SA) 
99.0 6 
22 850 0.50" 1.236 ‘ os 100.0 
¥s.0 t 
23 1,480 0.681 1.511 98.8 70 
97.0 
24 1,570 0.80% 1.299 98.4 80 
97.0 
25 1,180 0.625 ée pai - Gas 70 
97.0 
26 1,900 0.819 1.923 B on f "0 
08.0 60 
27 2,985 0.670 1.470 98.0 70 
97.6 oO 
28 2,530 0.582 9.152 6 mi) 
07.6 oO 
29 8,770 0.710 1.848 6 19.0 95 
17.4 5 
0 2,520 0.538 1.30) mf 75 
70 60 
$1 1,565 0.425 > 2 8.0 70 
7. 5 
2 1,085 0.516 1Ré 17.2 ” 
17.0 > 
1,740 0.442 07.6 65 
7.0 
- 








CREATIN 


URINARY 


Amount 
Day in of 
Hos Urine fn 
pital 24 Hrs 

in C.e. 


Urie 
Acid 


Case 
No. 


18 
(cont.) 


in Gm 


EXCRETION IN 


CrEATIN, CREATININ, AND Uric Acip 1n Fevers 


Gm. of 
Pe2Os Ex 
ereted in 
24 Hrs 


FEVER 


(C ontinued 


Maximum and Minimum 
Crea Weight - —-- —— 

tin in Temper- | 
in Gm Kg ature, F 


Respira 
Pulse tion 














THE COMPARATIVE FOOD VALUE OF PROTEIN, FAT 
AND ALCOHOL IN DIABETES MELLITUS AS 
MEASURED BY THE NITROGEN EQUILIBRIUM * 


HERMAN O. MOSENTHAL, M.D. 
AND 


GEORGE A. HARROP, Jr, M.D. 


BALTIMORE 


In a previous publication’ it was claimed that probably the lowest 
diet which will conserve the physical and mental efficiency of the 
diabetic is that which maintains the nitrogen equilibrium of the patient. 
The experiments reported at that time showed that on a so-called car- 
bohydrate-free diet, in which the proteins and fat were approximately 
equal to each other, gram for gram, maintenance, as measured by the 
nitrogen balance, was obtained at from 1,500 to 2,000 calories, the 
variations usually depending on the size and the sex of the patient. 
No attempts were made to determine which of the ingredients of a 
starch-free dietary, fat, protein or alcohol, was the most efficient pro- 
tein sparer. In order to administer a diet of as low caloric value as 
possible, and still establish maintenance, it is essential to have this 
information. 

The aim of the present investigation is to determine the comparative 
value of protein, fat and alcohol as nitrogen sparers, when added to the 
“carbohydrate-free” diet in diabetes mellitus. The patients observed 
were given diets of a constant protein, fat and starch content, and of 
such caloric value that there was a negative nitrogen balance. The 
fats and proteins were approximately equal to each other, gram for 
gram; the carbohydrates were those unavoidably present in the green 
vegetables. This constituted the control period; it was usually kept 
up for six days. Subsequently, definite amounts of protein, fat and 
alcohol were added to the dietary, and the effect on the nitrogen 
balance noted. The methods were the same as previously employed.’ 
One of the experiments is presented in detail in Table 1. All the other 
cases were studied by similar methods, but only a summary of the 
findings is given in Tables 2 and 3. 


* Submitted for publication July 29, 1918. 

*From the Medical Clinic of The Johns Hopkins Hospital. 

1. Mosenthal, H. O., and Clausen, S. W.: THe Arcuives Int. Mep., 1918, 
21, 269 
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TABLE 3.—SumMmary or Tasie 2, Givinc THE AverRAGE Datty NITROGEN 
BaLaNce IN Grams Durinc tHe DirrereNt Periops or FEEDING 











Character of Period 


Case Protein Fat Protein 





No. Control Protein Fat Alcohol Plus Plus Plus 
Fat Alcohol Aleohol 
1 —1.9 +58 —1LAé —2.8 
2 2.5 +8.7 —2.1 2.0 
3 —2.2 eceee —2.9 —2.3 —1.0 
‘4 —.6 +49 —1.5 19 
5 —1.8 +41 0.9 2.4 voeee 0.7 
6 —2.2 +8.7 —2.6 2.5 +2.8 poses 0.6 
7 19 1.5 0.5 
8 0.7 +5.9 —2.4 —2.3 
v 1.1 5.0 10 1.3 
10 —s.9 +6.0 —3.0 
ll 3.0 +2.5 
12 8.6 +40 2.9 
13 1.3 +4.7 
mm | «ooo [| cee | eons 1.5 0.6 





It is evident from a study of these tables that fat and alcohol, 
when added to a low caloric protein-fat diet, have little or no influence 
in sparing nitrogen; protein, however, has a very positive influence in 
this regard. These findings are not absolutely constant in all these 
observations. Thus, Case 7 has a distinct retention of nitrogen during 
the high fat feeding and Case 5 (Table 2) exhibits the same phenome- 
non in the first of the three fat periods, but not in the two subsequent 
ones. There was no exception to the rule that alcohol was of no 
value as a nitrogen sparer, even when it was combined with protein, 
as in Cases 6 and 14, or with fat, as in Cases 5 and 14. With one 
exception, during a combined fat and protein period in Case 3, there 
was marked retention of nitrogen when a high protein diet was used, 
and even in the one instance cited there was a diminished loss of 
nitrogen, as compared to the control figures. 

Lusk,? quoting the work of Thomas and Rubner, shows how the 
body may maintain nitrogen equilibrium much more readily on a 
protein-fat diet than on one of protein alone, and how with increasing 
quantities of fat there is an increasing addition of protein to the body. 
In the present experiments, the latter statement has proved itself to be 





2. Lusk, G.: The Elements of the Science of Nutrition, Ed. 3, 1917, pp. 254 
and 255 





EMBER, 


1918 





PROTEIN IN DIABETES MELLITUS 757 


the exception rather than the rule. The results have been so con- 
sistent in this regard that the conclusion seems justified that it may 
be considered to be of no very great value from the point of view of 
the addition of nitrogen to the body to increase the fat in a protein- 
fat diet. 

Previous investigations, as summarized by Rosemann,* have yielded 
substantially the same results with alcohol on mixed diets as the 
present experiments do on protein-fat diets. The addition of alcohol 
did not spare nitrogen if given for a period of six days. It may be 
that if the observations had been continued, protein might have been 
saved to the body by utilization of alcohol, as was the case in Rose- 
mann’s observations. The alcohol, even more constantly than the fat, 
fails to bring about an assimilation of nitrogen, and is not to be 
recommended for the dietary of the diabetic if it is desired to 
spare protein. 

The markedly positive nitrogen balances on the “carbohydrate- 
free diets” with high protein appear to solve the problem of what type 
of food is best suited to spare protein in the diabetic. The effort 
produced in these cases may be greater than that seen in normal 
individuals, inasmuch as most of these patients were either starved or 
kept on low diets for a considerable length of time before the systematic 
observations were begun. It has often been noted that it is exceedingly 
difficult to bring about “a prolonged deposition of protein in the normal 
adult, when fat is given with it.’”* In the diabetic, this apparently is 
not true for six-day periods, at least. Two experiments were con- 
ducted in which the high protein feeding was kept up for a longer 
period in order to illuminate this point. Case 10 (Table 2) was 
still retaining nitrogen at the rate of 6.7 gm. per day at the end of 


thirty-three days; Case 11 (Table 2) gave evidence of marked assimi- - 


lation for twelve days, followed by twelve days in which the nitrogen 
balance shaded off to terminate in a nitrogen loss in the subsequent 
period. In summarizing these findings, it may be said that a positive 
nitrogen balance is readily achieved in diabetes on protein-fat diets 
with a high protein content, and that such an assimilation of nitrogen 
may persist for a considerable period before nitrogen equilibrium 
is reached. 

It may be of interest to note in a few of these mild or moderately 
severe diabetics in whom the acid substances were determined in the 
urine (Table 2), that none of the food elements, when increased, 
whether protein, fat or alcohol, had any apparent effect on the amount 
of the acetone bodies excreted. This is somewhat at variance with the 


3. Rosemann, R., in Oppenheimer’s Handbuch der Biochemie des Menschen 


und der Tiere, 4, Part 1, p. 436. 
4. Lusk, G.: Loc. cit., Footnote 2, p. 255. 
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well-known observations that especially the fats may be responsible for 
an increase of these substances and alcohol for their diminution. It is 
probable that the very severe diabetic reacts differently in this regard 
and that, over short periods at least, a high fat diet may result in no 
increase in the acidosis of moderately severe diabetics. 


CONCLUSIONS 


The addition of an equal number of calories of protein, fat or 
alcohol to a low caloric carbohydrate-free diet in cases of diabetes 
mellitus results in the assimilation of considerable amounts of nitrogen 





when the protein is used, a favorable nitrogen balance in only occa- 
sional instances with fat, and no change in the nitrogen equilibrium 
when alcohol is given. This would point to a high protein diet as the 
most advisable low-calory, carbohydrate-free diet by which to con- 
serve the body tissues and furnish a maintenance ration for the diabetic. 
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CONTRIBUTIONS TO THE PHYSIOLOGY OF 
THE STOMACH 


XLIX. HUNGER AND APPETITE IN PULMONARY TUBERCULOSIS * 


JACOB MEYER, M:S., M.D. 
Resident Physician, Cook County Hospital 


CHICAGO 


Recent studies by Carlson’ and his co-workers emphasize the 
importance and the relative simplicity of an accurate study of hunger 
in normal and pathologic conditions. Cannon and Carlson have shown 
that the sensations of hunger are due to regular periodic contractions 
of the stomach. Deviations from the normal hunger sensations are 
associated with changes in the character of the hunger contractions 
and stomach tonus. This has been demonstrated in man and animals 
in many conditions such as gastric ulcer, gastric carcinoma, diabetes 
and gastritis. Meyer and Carlson’ studied the condition of hunger 
and appetite in fever and found that the hunger contractions are 
absent in temporary fevers when the temperature reaches 103 F. and 
over, and that the dogs will not eat when febrile. 


USUAL SYMPTOMS 


Loss of appetite and absence of hunger are well recognized clinical 
manifestations of early and advanced pulmonary tuberculosis. The 
close relationship between the temperature of the patient and the 
gastric disturbances in tuberculous patients is well known. Thus, 
Klebs® asserts that a patient in advanced pulmonary tuberculosis who 
may have a good breakfast appetite will by midday and from that 
time on until the temperature falls again have no desire for food. 
Stockton‘ states that tuberculous patients with high temperatures have 
neither appetite or digestive ability. He also states that gastric dilata- 
tion and atony are common in tuberculosis. Conforming to this Klebs 
states that if the stomach is mapped out in advanced cases dilatation 


* Submitted for publication Aug. 8, 1918. 

* From the Tuberculosis Hospital of Cook County Hospital. 

1. Carlson, A. J.: Control of Hunger in Health and Disease, University of 
Chicago Press, 1917. 

2. Meyer, J., and Carlson, A. J.: Contributions to the Physiology of the 
Stomach. XLII—Hunger and Appetite in Fever, Am. Jour. Physiol., 1917, 
44, 222. 

3. Klebs, A. C.: Tuberculosis, New York, D. Appleton & Co., 1909. 

4. Stockton, C. G.: Diseases of the Stomach, New York, D. Appleton & Co., 
1914, 
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of the stomach will be found in a large percentage of cases and in 
some early cases. On the other hand, cases of tuberculosis with per- 
sistent temperature are readily relieved of this temperature elevation 
by correction of the gastric complaint. 


THE PRESENT WORK 


The present study was conducted on six patients with early, mod- 
erately advanced, and far advanced pulmonary tuberculosis. None of 
the patients showed signs of peritoneal or intestinal involvement or 
had any gastric complaint other than loss of appetite. These precau- 
tions were taken because it is well known that lesions of the peri- 
toneum, intestine or stomach exert an inhibitory influence on gastric 





i 


contractions. 

The method pursued was briefly as follows: The patients were 
carefully examined after a clinical diagnosis of pulmonary tuberculosis 
was made, this being confirmed by routine sputum analysis and 


— 


a ae 


roentgen-ray examination. The temperature was recorded and the 
patient observed for a period of four to seven days before any work 
was commenced. In general, the cases selected were those showing a 
temperature of from 100 to 101 F. at some time during the day. On 
the day before the kymograph tracing was taken the patient was given 
his supper at 4 p. m. and nothing thereafter. The experiment was 
started at 8 a. m. the following morning, so that the starvation period 
was about sixteen hours. In order to obtain a record coincident with 


Rate re sar ee 





the afternoon rise in temperature a number of experiments were begun 
at 1l a.m. Patients have no difficulty in swallowing the balloon after 
one or two attempts. The great difficulty is to obtain from the patient 
an expression of his sensations with the hunger contractions. The 
patients in the Cook County Hospital are foreigners for the most part, 
and it is not only difficult to explain to them what is desired but even 
more difficult to obtain an intelligent response to questions. 


REPORT OF CASES 


Case 1.—History—Anton A., Greek laborer, aged 23, complained of cough, 
pain in the chest, chilly sensations, fever and loss of appetite. The details of 
the history are unimportant. 

Examination—The physical findings were dulness over the left apex, fine 
rales and bronchovesicular breathing, flatness beginning at the level of the eighth 
dorsal vertebra, with diminished vocal and breath sounds. Traube’s space was 
absent. There were scattered rales in the right apex and a pleuritic friction rub 
on the right. The sputum contained tubercle bacilli. The roentgen-ray report 
by Dr. Turley was: “The left apex is blocked out; pleurisy with effusion; right 
costodiaphragmatic angle is also obliterated.” 

Temperature Record—From the date of entrance, Feb. 12, 1918, until the 
first day of the experiment on February 19, the average morning temperature 
was 96.6 F. The afternoon temperature was 99.4. 
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Observation of February 19.—A record of the stomach contraction was taken, 
preceded by a fast of sixteen hours. The record was taken from 8 a. m. until 
12 m. The temperature during this period was 99 F. Contractions began about 
one-half hour after swallowing the balloon. They were normal and regular. 


The patient did not experience the contractions as such. When asked whether 
he felt hunger he did not seem to understand. He was told to squeeze the 
finger of the observer whenever he experienced discomfort or hunger pang. 
He failed to do this, and the experiment was discontinued at noon. He readily 
ate the dinner which was then offered him. 

Second Observation—Three days later, with the patient’s temperature at 
99 F., another record was taken, beginning at 11 a. m., allowing a starvation 
ineteen hours. The latent period before the stomach assumed any 





period of 1 
tonus was approximately one hour. Regular hunger contractions then appeared 
The patient was then asked whether he felt hungry, but could give no intelli 


gible response. In the midst of a period of hunger contractions food was 


placed before him, but he was not allowed to eat it. Figure 1 shows the grad- 
ual inhibition of hunger contractions at the sight of food 





Fig. 2 (Case 2).—Vigorous contractions in an advanced case of pulmonary 
tuberculosis with marked cachexia, emaciation and septic temperature. Some 
of the contractions are incompletely recorded because they were so intense as 


to force the writing point out of the manometer. 


Case 2.—History—Anton K., Greek, aged 29, complained of having a cough 
for fifteen years. In the past two months he began to feel much weaker and 
complained of loss of appetite, loss of weight and night sweats. 

Examination.—Physical findings were those of a cavity in the left upper lobe 
and complete involvement of the right lung. Fluoroscopic examination disclosed 
the presence of the cavity with a generalized pulmonary tuberculosis. The 
sputum contained numerous tubercle bacilli. 

Temperature Record—The temperature was characteristic of an advanced 
ulcerative type with subnormal temperature in the morning, rising to 102 and 
103 F. in the afternoon 

Observation of February 25.—The usual period of fast was observed. The 
temperature of the patient during the observation ranged from 99.8 to 101 F. 
Hunger contractions began almost immediately after swallowing the balloon. 
They were vigorous, continued for an hour and were followed by a period of 
quiescence. The next period was characterized by more vigorous contractions 
than previously. With each contraction (Fig. 2) the patient became extremely 
restless, cried and pointed to his abdomen. When asked whether he was hungry 
or felt hunger, he cried and pointed to his epigastrium as if he were in pain. 


The patient died on March 4 
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Cases 3 anv 4.—History.—These patients presented the same clinical picture 
as Case 2, and therefore the details of their findings are not here reported. 


The temperature records of these three patients were essentially alike, and death 
occurred in all three cases 





Fig. 3 (Case 3).—Vigorous contractions of another case of advanced pul 
monary tuberculosis. At +x the orderly ate his own meal in the presence of the 
patient. Compare also the effect in Figure 1 


Observation of March 11.—The temperature was 101 F. Contractions com- 
menced immediately and were regular, periodic and extremely vigorous, lasting 
four hours. The patient could not say that he was hungry. At 1:30 p. m. the 
orderly of the ward brought his own meal into the room and ate it with the 
patient looking on. The hunger contractions almost immediately stopped 
(Fig. 3). Stomach tonus reappeared in fifteen minutes, followed again by 
vigorous contractions. At 2 p. m. a visiting physician entered the room, and 
again there was an immediate cessation of contractions 





Fig. 4 (Case 4).—Entire absence of contractions in another advanced cas¢ 
Temperature 102 F 


Case 4.—Observations of February 26—Temperature was 102 F. The usual 
period of fast was observed. After inflating the balloon in the stomach a few 
initial contractions occurred. These gradually disappeared, and for a period of 
one and three-quarter hours there were no contractions, nor any evidence of 
stomach tonus (Fig. 4). The patient vomited the balloon at the end of two 
hours, which necessitated repetition of inflation, and again contractions were 
present for a short time, followed by complete cessation. The temperature at 
the end of the period was 101.6. When asked if he desired food, he said he did 
not care. Food was placed before him, and he ate only a part of it. 


Observation of February 27.—This revealed intense contractions so vigorous 
that the writing point was forced out of the manometer. 

















LA 5 I f Phe patient, Harry VV rese! case of moderately 
advanced tube sis He complained of ih, expectoration and shortness 
of breath. He volunteered that he would begin a meal thinking that he was 
h gr eat a sma t it and leave t 

I ane cal f lings wer t ss over the ipex, 
broncl r cula reathing ar d r scatte epit t rales bilaterally The 
sputum was positive, and the roentgen ray revealed a generalized mottling with 
failure of the apices to light up 

rature é d This ranged from 97 to 101 and from 99 to 102 F. 
vat f Kebruary 21 This began at 8 a. m. after a starvation period 
of sixteen hours. The stomach tonus was low, and the patient was very nervous 
The ten peratur was 100 I 

Mbservati f March J atter a starvation period nineteen hours with 
temperature ranging from 99 to 101 during the tracing At first there was a 
series « t l ger contractions, followed | igorous contractions felt as 

| referred to the stomach As the orderly ate his own dinner in full view 
tient, the contractions were only somewhat diminished to recur with 








Fig. 5 (Case 5 Normal contractions in a 
xg 


low-grade chronic temperature from 99 to 100 


Cast 6—History.—The patient, Edward M., had a 
advanced tuberculosis 
t This was taken with the temperature alx 


Observa ’ 


moderately 


advanced case with 
1 
case of moderately 


The con- 


mut 101 F 





tractions were only of moderate intensity, but nevertheless the patient stated 
that he felt something and said that he was hungry At one point with no con 
tractions he said he had an appetite and asked for whisky. This was promised, 
but not giver Stomach tonus continued, and one half hour later contractions 
appeared 

DISCUSSION OF RESULTS 


The outstanding fact in all these observations is that contractions 


and stomach tonus are present. Case 1 presents 


normal hunger contraction record. It is surprising 


an almost typical 


to find in Cases 2, 


3 and 4 such vigorous gastric contractions in view of the extreme 


cachexia, emaciation and advanced stage of the tuberculous process. 


Judging from the old clinical view, instead of an active stomach we 
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should expect dilatation and atony in advanced tuberculosis. The 
present observation in these patients of increased tonus and contrac- 
tions accords with the observation of Luckhardt,’ who noted 
increased hunger contractions in cases of cachexia associated with 
diabetic mellitus in man and in the cachexia of mangy dogs. The 
temperature of 101 F. apparently does not affect the hunger mechan 
ism. In Case 4, however, with the temperature at 102 there is com 
plete atony of the stomach and entire absence of the hunger contrac 
tions. This is also in accord with previous observations in animals 
Cases 5 and 6 again point to the fact that patients with a low type of 
temperature persisting over a long period of time and with evident 
signs of intoxication present normal hunger contractions and stom 
ach tonus 


COMMENT 


lhe association in these cases of hunger contractions with absence 
of hunger sensations suggests the possibility that these contractions 
are probably not registered in consciousness as such. Again, in these 
cases the personal factor must be considered. Hunger contractions 
are present in some individuals, but instead of being recognized by the 
patient as such they are described as restlessness, headache and other 
symptoms. Again Carlson has recently shown that in long continued 
fasts hunger contractions are present, but are not recognized as such 
This may be the case in chronic fevers, in which cases the hunger con- 
tractions are present. 


5. Luckhardt, S.: Contributions to the Physiology of the Stomash—XI—The 
Cause of Polyphagia in Pancreatic Diabetes, Am. Jour. Physiol., 1914, 33, p. 313 








THE ELECTROCARDIOGRAM IN THYROID DISEASE* 


PAUL D. WHITE, M.D., ann JOSEPH C. AUB, M.D. 
Lieutenants, M. C., U. S. Army 


BOSTON 


The effect of thyroid disease on the heart, and especially on the 
electrocardiogram, has been followed in the present investigation 
chiefly from two points of view. In twenty-three cases we have com- 
pared the severity of the disease, as shown by the variation of the 
total metabolism from the normal, with the amplitude of the T-wave 
in the electrocardiogram. In the second place, in forty-seven cases 
of hyperthyroidism we have determined the frequency and type of 
arrhythmia. Also heart rates, blood pressures and electrocardiographic 
evidence of left ventricular preponderance and of general muscular 
tremor have been of interest. The basal metabolism was determined 
by means of the Benedict Unit apparatus.* The electrocardiograms 
were taken with the Cambridge Model of the Einthoven string gal- 
vanometer and carefully standardized. 

It has been said that the T-wave is high in hyperthyroidism and 
low, absent, or even inverted in hypothyroidism. In our series of cases 
there has been little if any parallelism between the basal metabolism 
and the amplitude of the T-wave in comparing different cases, but in 
individual cases, especially those with hypothyroidism with variations 
in the basal metabolism, there may occur corresponding changes in 
the height of the T-wave (see the accompanying table). In hypothy- 
roidism the T-wave is low and increases under treatment. In hyper- 
thyroidism it is also often low and its height does not parallel 
necessarily changes in the height of the metabolism ; it sometimes runs 
conversely to it. In two of the patients suffering from auricular 
fibrillation while under treatment with digitalis, this drug had much 
more effect on the T-wave (flattening it) than had any differences 
of basal metabolism which these same patients showed. 

Three of our forty-seven cases had paroxysms of auricular fibrilla- 
tion, three had apparently permanent auricular fibrillation, one had 
paroxysms of auricular flutter with the normal rhythm interrupted by 
auricular premature contractions, while a number of others showed 
premature contractions. 


* Submitted for publication June 22, 1918. 
*From the Medical Clinic of the Massachusetts General Hospital. 
1. Means, J. H., and Aub, J. C.: Jour. Am. Med Assn., 1917, 69, 33. 
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ELECTROCARDIOGRAM IN THYROID DISEASE 767 
TasLe SHOWING VARIATIONS IN T-WaveE 
Total Metabolism Electrocardiograms 
Percentage 
Case Sex Variation Tae Pulse 
Date from the Date Volts) Rate 
Normal! 
A=auricu 
lar rate 
@, Brcencesocesanasectenenesss g 11/13/16 +41 11/13/16 +2 A—120 
(Case of complete heart- 11/18/16 0 11/18/16 +1 A—100 
block. First seen while 11/20/16 +28 11/20/16 —ly A—100 
taking large doses of 12/ 4/16 +3 12/ 4/16 Thy A= 75 
thyroid gland. This 12/17/16 +14 12/23/16 +2 A= 78 
drug was stopped 
11/16/16) 1/28/17 & 1/31/17 +0 A= 9 
i.» ae ° 1l/ 7/16 +58 1l/ 8/16 +1% 106 
2/28/17 +58 2/28/17 +2 140 
4/18/17 +46 4/18/17 +1% 120 
M. M. ¥ 2/12/17 +74 2/ 7/17 + & 110 
8/27/17 +7 4/ 9/17 +2 108 
Partial thyroidectomy 4/16/17 
4/29/17 +15 5/ 2/17 + 3ly 76 
4} eee ree +. 2/ 8/17 +26 2/ 7/17 +2 110 
4/28/17 +28 4/28/17 +2 110 
Va. Bh coccccncecssesecensé g 2/15/17 +28 2/12/17 +4 120 
4/ 5/17 +27 4/ 5/17 +3 118 
A. B. g 2/13/17 +37 2/ 8/17 +3 135 
Thyroidectomy right lobe and \% left lobe 2/14/17 
3/28/17 +4 3/28/17 +1% 110 
een 3 2/17/17 47 2/19/17 +1% w 
8/ 7/17 +27 8/ 8/17 +3 100 
B. M. T g 8/12/17 +39 8/13/17 } 150 
4/29/17 +47 4/16/17 +4 24 
4 eer 9: 3/13/17 +64 8/13/17 +3 130 
Thyroidectomy right lobe and isthmus 3/27/17 
4/ 1/17 +35 4/ 2/17 $+2% 105 
De, Gh. ctdcxee e 11/19/16 +34 11/16/16 0 120 
4/ 9/17 +1 4/ 9/17 M% 105 
a ae 4% 10/ 7/15 +73 10/ 5/15 +4 100 
3/28/17 87 3/28/17 +449 120 
GR  ctncdddsenidnaantedced Q 8/29/17 +84 3/26/17 +8 130 
4/ 6/17 +67 4/ 9/17 +1% 107 
i De euttbuceanesess s 2/17/17 +37 2/19/17 +3 75 
> GW. g 4/17/15 +49 4/10/15 2 85 
iS re g 5/ 2/17 +63 5/ 2/17 +2 110 
Cc. J é 4/ 3/17 +43 4/ 3/17 3 110 
P. B. K * 4/10/17 +99 4/11/17 +2 124 
E. H. ¢ 6/ 5/17 +44 6/ 5/17 +3 80 
T. D é 8/12/17 +29 8/ 9/17 +1% 135 
a ogee 12/20/16 +74 12/20/16 0 100 
(Paroxysmal auricular (auricular 
fibrillation) fibrillation 
1/ 9/17 34 1/10/17 108 
(digitalis (normal 
effect) rhythm 
2/ 1/17 58 2/ 7/17 +2 122 
(normal 
rhythm) 
4/24/17 73 4/24/17 3 190 
(normal 
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TABLE SHOWING VARIATIONS IN T-Wave—(Continued) 




















| | Total Metabolism Electroeardiograms 
Percentage 
Case Sex Variation Tae+ Pulse 
Date from the Date Volts) Rate 
Normal 
| 
RE cimuwmn~unin £6 | Oe +71 2/ 5/17 2 } 115 
(Paroxysmal auricular (normal 
fibrillation) | rhythm) 
2/16/17 +61 2/13/17 -2 145 
(auricular 
fibrillation) 
2/25/17 +69 2/23/17 -6 108 
(digitalis | (auricular 
effect) fibrillation) 





(Thyroidectomy, right lobe and isthmus, 3/5/17) 








8/14/17 +34 8/18/17 —4ly 90 

| (normal 

| rhythm) 
4/ 7/17 +67 4/ 7/17 -1 126 

| | (normal 

| | rhythm) 
BR. B.... seecsqnaeneseeental “SS | 11/14/14 —25 11/12/14 0 82 
11/23/14 —15 11/23/14 lig | 87 
(After 24 grains of thyroid gland extract in 8 days) 
OR RAS eae meee | Q 2/14/17 —17 2/14/17 —24 98 
(Under treatment for 8/ 7/17 +5 8/ 7/17 0 105 
eretinism) 8/16/17 +1 8/14/17 +1 112 
4/24/17 +20 4/24/17 +2 120 





The degree of tachycardia paralleled the basal metabolism percent- 
age but moderately. In one unusual case of complete heart block (C. A. 
in the table) the ventricular rate showed but a few beats change 
between the time of hyperthyroidism and the time of normal basal 
metabolism. In this case, however, as reported in a previous paper,? 
the auricular rate as shown electrocardiographically varied with the 
basal metabolism; 120 per minute at + 42.5 per cent. and 75 per 
minute at + 3 per cent. 

Left ventricular preponderance was found by the electrocardiogram 
in only three of twenty-seven of hyperthyroidism. The index of pre- 
ponderance in these cases was from-+ 26to-+ 30. The normal 
borderline of this index is from + 20 to + 30 as described in a pre- 
vious paper. Variable hypertension was frequently present with 
figures of 150 to 200 mm. mercury systolic and 90 to 110 mm. 
diastolic. In one case the pressure dropped within a few weeks from 
210 mm. to 130 mm. systolic and from 100 mm. to 75 mm. diastolic, 
while the basal metabolism decreased from + 47 per cent. to + 27 
per cent.; in this case the T-wave rose in amplitude from 0.15 to 0.28 
millivolt. General muscular tremors shown electrocardiographically 
are common in hyperthyroidism. 


2. Aub, J. C., and Stern, N. S.: Tue Arcnuives Int. Mep., 1918, 24, 130. 
3. White, P. D., and Bock, Am. Jour. Med. Sc., 1918, 156, 17. 
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SUMMARY 


Very limited parallelism has been found between the basal metabol- 
ism and the amplitude of the electrocardiographic T-wave in a series 
of twenty-seven cases of thyroid disease. 

Auricular fibrillation, including the paroxysmal type, is not uncom- 
mon in hyperthyroidism as shown in our series by six out of forty- 

seven cases of hyperthyroidism (13 per cent.). Paroxysmal auricular 
flutter has been seen in one of our cases. 

Tachycardia, frequent hypertension and frequent tremor while at 
rest occurred in the cases of hyperthyroidism although not always 
parallel to the total metabolism. 
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RENAL FUNCTION AS MEASURED BY THE ELIMINA- 
TION OF FLUIDS, SALT AND NITROGEN, 
AND THE SPECIFIC GRAVITY 
OF THE URINE 


Il. THE EFFECT OF HIGH, LOW AND NORMAL DIETS * 


HERMAN O. MOSENTHAL, M.D. (New York) 
BASE HOSPITAL, CAMP GORDON, ATLANTA, GA. 


Since Hedinger and Schlayer' introduced the method of testing 
renal function by measuring the volume and the specific gravity and 
estimating the sodium chlorid output in two-hourly specimens of urine 
throughout the day and in a single specimen during the night, it has 
received general acceptance in this country. In conducting the test, 
much stress was laid on the fact that the diet necessary to produce 
satisfactory results must contain a considerable quantity of the diuretic 
substances ordinarily found in the food, such as fluids, salts and purins. 
Two forms of diets have been used fairly extensively, the one con- 
sisting of three meals,’ the other of five.2 The results obtained in both 
appear to be very similar. In order to obtain a clear understanding of 
this method of testing renal function, it was necessary to formulate 
precisely what the normal reaction was. This was attempted.* Since 
that report was made, a large number of normal tests have been carried 
out, and in the light of these it becomes apparent that the former 
standards are wrong in some respects and should be corrected. The 
question as to what diet should be used in carrying out this test is a 
far-reaching one. If the diet need not be limited in any way, there is 
a wider field of usefulness for the test, especially in general practice. 
In the present paper, the attempt will be made to define as closely as 
possible the normal results of this method of analyzing the urine on 
various diets and to note the value of widely divergent diets in cases 
with impaired renal function. 

FORMS OF DIETS 

The diets employed were three: a high protein diet; a low protein 
diet, and a normal diet. The high protein diet was the one originally 
advocated for the performance of the test. It contains about the 
amount of protein that a normal individual with a good appetite will 
consume. The designation “high protein diet” may, therefore, be a 
misnomer. However, it is so designated to indicate the contrast with 


* Submitted for publication May 23, 1918. 

*From the Medical Clinic of The Johns Hopkins Hospital. 

1. Hedinger and Schlayer: Deutsch. Arch. f. klin. Med., 1914, 114, 120. 

2. Mosenthal, H. O.: Tue Arcuives Int. Mep., 1915, 16, 733. 

3. O’Hare, J. P.: Tue Arcuives Int. Mep., 1916, 17, 711. 

4. Mosenthal, H. O., and Lewis, D. S.: Jour. Am. Med. Assn., 1916, 67, 933. 
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the other diets. This diet contains approximately 1,760 c.c. of fluid, 
8.5 gm. of salt and 13.4 gm. of nitrogen, and considerable quantities 
of purin substances in the soup, meat, tea and coffee. The low protein 
diet was that in use at this hospital.* It was found that when no 
restrictions were placed on the persons taking this diet, protein equiva- 
lent to from 3 to 4 gm. of nitrogen was usually consumed in the 
twenty-four hours. This was deemed sufficiently low for the purposes 
of the present observations. The diet contained no tea or coffee or 
purins in any form. Some alcohol was allowed as sherry. This was 
given in less than one-half of the cases studied. The remainder of the 
food consisted largely of starches, which have a marked effect in pre- 
serving the body protein and thereby limiting the amount of waste 
products to be excreted in the urine. The normal diet consisted of 
the food which the subject chose. The aim was to determine whether 
it was possible to allow a person to continue his normal dietary habits 
while the test was carried out. In the remainder of this article these 
diets will be spoken of respectively as the high, the low, or the normal 
diet. 

The only other restrictions placed on the persons tested were that 
no food or fluid should be taken between meals, and that the collection 
of the night specimens should begin three hours after supper. The 
specimens were usually collected at two-hourly intervals from 8 a. m. 
to 8 p.m. If supper were taken after 5 p. m., the collection of the 
night specimen was begun at a correspondingly later time. It may be 
that it is not necessary to limit the frequency with which fluid and 
food are taken; however, it did not seem advisable to attempt too 
much at one time, and it was deemed best not to extend the variations 
too much so that clear-cut results might be obtained. 

The specific gravity of the urine was measured at room temper- 
ature by reliable floats; the nitrogen was determined by the Kjeldahl 
process and the sodium chlorid by the method of Volhardt. The 
normal persons tested were men and women of the teaching staff and 
student body. 

THE NORMAL STANDARD 


The normal standard as advocated previously was as follows: A 
maximum specific gravity of 1.018 or higher, a variation of 9 degrees 
or more between the minimum and maximum specific gravity readings, 
and a night urine of 400 c.c. or less, with a specific gravity of 1.018 or 
over and a concentration of nitrogen of at least 1 per cent. (Table 1). 


* Breakfast: Sherry (30 c.c.), baked apple, stewed prunes, orange, hominy 
cornstarch (% hominy, “% cornstarch), cereal, cream (15 c.c.), sugar, butter. 

Dinner: Sherry (30 c.c.). potato, baked or mashed, string-beans, cabbage, 
carrots, lettuse, onions, tomatoes, cucumber pickles, fruit cornstarch pudding, 
fruit tapioca pudding, sugar, butter. 

Supper: As dinner. 
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At the time these criteria were formulated, it was not realized how 
{| profoundly the activity of the kidney may be affected by many influ- 
ences. Nervous tension, very hot or cold weather, and what may be 
termed the “renal habits” of any person, all have appeared to play a 
distinct role in causing differences to appear that were not at first 
appreciated. Lyle and Sharlit® have called attention to the fact that 

the night urines in normal persons may exceed 400 c.c. by a consider- 

able margin and that the variations in the specific gravity may be less 

than 9 and that there are instances in which the concentration of nitro- 

. gen in the night urine is less than 1 per cent. The results of Lyle and 
Sharlit in regard to the fixation of the specific gravity are probably 
} somewhat exaggerated as they obtained them when the subjects were 
kept for several days on a diet constant in fluids as well as solids. This 
+ introduces a new factor for which due allowance must be made. The 
f same phenomenon may be noted in the observations to be recorded in 
? this communication, but not to the same degree. The presence of larger 
i amounts than 400 c.c. in the night urine and a concentration of 
nitrogen of less than 1 per cent. in the night urine has been a rather 





ee ioe’ 


common finding in the present series of normals. 





TABLE 1.—Resutts or A Test Meat For Renat FuNctTION IN A NorMAL 
Person. Turis Taste SHows at Wuat IntTervAts THE Urine Was Cor- 
Lectep. It Meets ALL THE REQUIREMENTS WHICH WERE ForMERLY REGARDED 
AS CHARACTERISTIC oF A NorMAL TEsT. 





ad 














Sodium Chlorid Nitrogen 


Time of Day C.c. Specific = ———-—-——_ —_— — 
Gravity Per Cent. Grams Per Cent. Grams 








ae 











— ae es 


Dlivcieces cwaate 315 | «(1.006 
RO eb eee 128) || «(10M 
Oe at ey 120 6=6| (1.017 
REED ei eReeene ep ; 122 1.020 | 





© 6 nccccccccccccecs ; 76 1.022 
D B cccccccccccccccecce 100 1.027 
Total, Day............. 861 coe 0.78 6.71 0.79 6.80 











Night, $8. ..........-++ 248 1.025 0.69 1.71 1.23 3.06 








Total, 24 Hours........ 1,109 ees ocee 8.42 ease 9.85 
f I csnanscaincncens 1,760 dat = 8.50 _— 13.40 
PNM Bec c cccccecncccces +651 eoee aese +0.08 eece +3.55 














Table 1 may serve to recall what determinations are carried out 
and how a test meal for renal function is recorded. In the interpreta- 
" tion of this procedure as a means of measuring renal activity, certain 
j points, the maximum specific gravity, the variation in specific gravity, 
the quantity of the night urine and its specific gravity and concentra- 





5. Lyle, W. G. ,and Sharlit, H.: THe Arcnives Int. Mep., 1918, 24, 366. 
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tion of nitrogen have been emphasized. There are probably other 
features that deserve to be considered in this connection; however, 
thus far there are no observations that have laid any stress on them. 
In Tables 2, 3, 4 and 5, in order to save space, only a summary of what 
TABLE 2.—SumMary oF REsuLts oF THE COLLECTION OF URINARY SPECIMENS 


At Two-Hourty Intervats Durinc THe Day AND For A Twetve-Hour 
Periop at NicHt IN NorMAL PERSONS WHILE ON THE “HicH” Dtet. 











| Specific Gravity* | Night Urine 


























pete | of | Degrees | Night | Nitrogen, | Volume, 
Diet Highest Lowest | Variation Urine Per Cent. C.C. 
6/27/17 | @ 30 4 34 2.70 160 
6/11/15 1 | 8 4 9 29 1.85 218 
sont | 2 | 88 06 28 31 1.63 175 
6/19/17 | 1 30 05 25 25 1.19 294 
627/17, | 29 18 16 29 ; 
11/21/17 1 29 ovo | 28 oi 258 
5/19/17 2 28 07 21 4 0.61 326 
5/18/17 1 28 08 25 2 =| = 1.85 170 
2/10/14 8 28 08 20 23 1.30 874 
11/22/17 | 2 27 08 19 15 | 425 
snsit | 1 27 03 24 2% | 148 109 
6/uo/is | it 27 06 21 25 1.23 248 
nz |e 27 08 19 18 456 
11/22/17 | 2 27 09 18 19 1.28 334 
6/9/i7 | (1 25 15 10 15 0.87 068 
enajie =| 8 25 07 18 6 | 188 240 
wie | 1 24 0 15 23 1.48 350 
5/18/17 1 | @ 05 17 08 0.56 417 
5/19/17 2 29 06 16 09 0.54 539 
1/17/16 1 | a 08 13 21 1.19 350 
2/14/16 1 21 Oo 14 19 0.95 400 
12/11/14 8 20 10 10 20 1.28 875 
12/12/14 1 20 o7 13 18 0.76 568 
sont | s | ® 09 n 3 | 74 615 
3s | 1 | w 07 12 19 LM 356 
wns | 19 07 12 17 | 1.2 852 
uyayi7 | 1 | 19 07 12 0 «| 230 
4/65 =| (1 | 19 09 10 19 1.12 350) 
enoiz =| 1 | w® | © 13 13 0.82 721 
12/ 5/14 | 2 | ow | 0s 10 18 1.08 402 
63s | 1 | © | 8 | 1s | 1.68 390 
wer}; ll] 4 08 6 18 660 





* Last two figures only : 
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may be considered the salient features of test meals for renal function, 


as carried out in normal subjects, while on high, low or normal diets, 
is given. 


TABLE 3.—SuMMARY OF THE RESULTS OF THE COLLECTION oF URINARY SPECcI- 
MENS AT Two-Hourty IntTervats Durtnc THE Day AND FoR A TWELVE- 


Hour Pertop at NicHt 1n NorMAL Persons WHILE ON THE “Low” Drtet. 


Specific Gravity* Night Urine 
Dy -—-—— —___—— - — — 
Degrees Night Nitrogen, 


o : Volume, 
Diet Highest Lowest Variation Urine } 


Per Cent. C.C, 


1 
0.74 
0.49 
0.46 


* Last two figures only 
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TABLE 4.—Summary or Resutts or THE COLLECTION OF URINARY SPECIMENS 
AT Two-Hourty Inrervats Durinc tHe Day, AND For A Twetve-Hour 
oN THEIR. CUSTOMARY 


PERIOD AT 


Date 


6/18/17 
11/20/17 
7/ 9/16 
10/23/16 
10/24/16 
7/ 8/16 
6/11/16 
10/18/16 
6/26/17 
6/26/17 
5/15/17 
5/ 9/16 
10/29/14 
3/18/16 
3/23/1¢ 
7/11/16 
7/21/16 
10/23/16 
10/18/16 
5/15/16 
10/23/16 
11/20/17 
6/21/17 
7/20/16 
7/10/16 
11/20/16 
10/25/16 
7/12/16 
10/20/16 
10/95/16 
10/19/16 
10/19/16 
11/19/17 


TAIT 


6/10/16 


NIGHT IN 
“NorMAL” Dtets. 


Highest 


32 


31 
31 
31 
30 


3 


30 
30 


3% 


NorMAL 


PERSONS 


Specific Gravity* 


Lowest 


Degrees 
Variation 


17 


WHILE 


Night 
Urine 


26 


2% 


Night Urine 


Nitrogen, 
Per Cent 


Volume, 


224 
275 


. 


f 
us 


s 
2 


~ fe 


= om yay 


en et 


7 
dt 











T= 


oe 
ee 


er 3 


Pak 


7 


Date 
7/10/16 
7/16/16 
11/19/16 
6/10/16 
10/18/16 
10/26/16 
11/19/16 
5/14/17 
6/20/17 
7/22/16 
7/ 9/16 
6/ 9/16 
10/19/16 
10/25/16 
10/18/16 
10/18/16 
10/24/16 
10/26/16 
10/30/17 
10/19/16 
5/15/17 
3/23/17 
7/15/16 


10/19/16 


H. 


TABLE 4.—(Continued) 


Highest 


26 


26 


8 8 


8 


ro 
o 


0. 


Specific Gravity* 
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Night Urine 








Degrees Night Nitrogen, Volume, 
Lowest Variation Urine Per Cent. 0.0. 
12 “u 23 at 165 
13 13 26 210 
10 16 26 395 
l4 12 21 3830 
13 13 20 330 
10 16 21 306 
12 l4 21 250 
12 13 15 0.87 | 457 
17 8 19 430 
10 15 25 170 
O4 21 17 255 
13 12 17 1.08 735 
1) 16 15 536 
18 7 22 525 
15 10 19 $12 
08 17 21 875 
13 12 24 530 
19 6 25 510 
06 20 18 1.45 361 
22 2 22 506 
08 20 14 0.85 443 
7 16 22 1.46 475 
08 20 15 180 
On 14 16 395 





* Last two figures only. 
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TABLE 5.—SumMmary or SALieENt Facts ON THE URINARY SPECIMENS COL- 
LeEcTeD DurinG Periops or “HicH,” “Low” anp “Norma” Diets 1n NorRMAL 
































PERSONS. 
~~ Number of Observations 
“High” | “Low” ~] “Normal” 
Diet Diet Diet 

Maximal! specific gravity: = is 

SPO IED ves cccensctccsccecssccececenscocnsecessses 4 5 22 

BBO Bicccccccccccccesccsccvssseccecescessvcscceseusees 12 16 82 

ST eT 8 12 5 

DOE Ws cccnccccs ceases cccvsncccesscocscceseccscseeses 7 0 0 

BO00 COED Bho cc cccnvccvcesscccesccccccescccccosoesooce 1 0 0 

Total number of observations.................6.0.0++ 32 33 mar i re =% 
Degrees of variation of specific gravity: - oti i “eer =e 2 aes 

SOR OED cen ctnctpacidersiacdstebencsensenetncsns _ 20 26 32 

I ect nicks anccbedtinicndenvdbiassiniiwiendinabivs 10 7 12 

DERG iv ccnccenassurndcneddscnwssececacesencestisiteend 1 0 12 

4 or less ........... ebeeovenses psdbeeceneseneseeene 1 0 3 

Total number of observations sibebshwernbess 2 —_ Kn 59 3 
Specific gravity of night urine: . nore —— 

GE OF QUE cccccccccccccccccccses ietabennsade : 13 13 41 

SOD OP ccveccccese W6h 6b 00505040 Ks HaseNeeceeebeeespes 10 7 6 

Be SE tessnrstinsscucevensedsusenseasass 3 2 10 

BOD WD icsecccccvcséonnccccsscsccccestscovccveveséeooese 4 u 2 

TN Patten dcsdendencciminesactnccateccmetniens 2 2 0 

Total number of observations. ..................+e06. 82 83 me Gi 59 
Volume c.c. of night urine: asta ; ter eae oe 

GG GUD coco cccccccncceccccocccocsosescocvcessecoonce 21 23 42 

GEE CO BED ccc cccccccccecsces penbnadeeendsanencegencass 4 4 7 

BE GG casiececcccccccvesecesecccesccessesececescocss 3 6 | 6 

eis si esciinececianveeeatiineiens sierasaesbieiies 2 1 2 

Be Oe Ce Sacccacsccdsevesscnnbesnssescesescounsentsneee 1 0 2 

Total number of observations................6600s00 ~ 3I $3 >. a wo : 
Nitrogen per cent. in night urine: =" —— 

1% or higher ....... igvektnticpondinenbinetehaneaies 18 11 18 

0.99% tO 0.80%... .. 66.0055 SUeevSeeee cevescscesoseetese 2 5 3 

Se seontwhuteccvcswesessesgssesvenys soieunet 6 11 0 





Total number of observations. ................0.0005- 26 27 16 
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In Tables 2, 3 and 4 the results of the tests for renal function are 
given for the high, low and normal diets. They are arranged in order 
from those with the highest maximum specific gravity to those with 
the lowest. The dates on which the tests were made are included 
because they indicate that all seasonal variations, especially as far as 
temperature is concerned, are taken into consideration. The number 
of days on which an individual was on a given diet are recorded, as 


this may naturally have some bearing on the result. 


THE MAXIMAL SPECIFIC GRAVITY IN NORMAL TESTS 


The last test noted in Table 2 on the high diet is remarkable. It is 
the only example in the tests (including those of Tables 3 and 4 on 
the low and normal diets) in which the maximum specific gravity was 
lower than 1.018. This may be a faulty observation, or it may be a 
phenomenon of rare occurrence. This person’s other test meals, five 


in number, all yielded specific gravities comparable with other normals, 
and her phenolsulphonephthalein excretion, blood urea and total non- 
protein nitrogen and Ambard’s constant were strictly within normal 
limits. Taking all the tests (124 in number, Table 5) into considera- 
tion, it is apparent that such a low maximum specific gravity is likely to 
be found in less than 1 per cent. of normal persons, and may be disre- 
garded. It is probably due to some anomalous water excretion, which 
occurs very rarely. 

In the other tests it was found that the maximum specific gravity 
was always 1.018 or higher on the high diet, and 1.020 or over on the 
low or normal diets. Evidently, this is one of the most constant fea- 
tures to be relied on in estimating normal renal function by the test 
meal procedure. This may possibly be more forcibly demonstrated 
in Chart 1. Here it may be noted how in general the quantity of salt 
and nitrogen excreted varied according to the diet, and yet the fluctua- 
tions in the specific gravity reached a maximum of at least 1.018 on 
the high diet and 1.020 on the low or normal diets on each day. 

In order to obtain a more complete knowledge of the reasons for 
a certain maximal concentration in the various specimens of this 
method of collecting urines, as well as for the other phenomena to be 
taken up in detail subsequently, it was decided to give a diet whose 
influence on the kidney should be as nearly uniform as possible. This 
was accomplished by means of starvation. A constant quantity of 
water was given at two-hourly intervals, at the time when the period 
for each day specimen was begun. This was successfully carried out 
in five experiments; in two others, the water was taken in varying 
amounts and in one the quantity of water drunk was not noted. The 
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Chart 1.—Results of frequent collections of urine in the day time and a 
single specimen of urine at night in a normal individual for a period of six 
days. It-shows how the variations of volume of urine, specific gravity and 
concentration of NaCl and N are somewhat similar whether the diet is nor 
mal, low or high. 

Explanation of the Chart: The height of the columns in the spaces for 
NaCl, N and urine volume indicate the two-hourly rate of excretion (they 
are not absolute values as in the remaining charts); the width of each column 
represents the period of time covered by the individual specimen; the night 
urines are indicated in the solid black, the day specimens in oblique hatching. 
The dots joined by continuous lines crossing the upper three tiers from left 
to right indicate the percentage concentrations of NaCl and N and the specific 
gravity, respectively. In the second tier the columns represent absolute values 
for N and fluid taken at each meal. The dividing line between the solid 
black (N) and cross hatched (fluid) column indicates the time at which the 
meal was taken. The columns in the first tier record the fluid and N balance 
for the preceding twenty-four hours. 
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results, because of their great interest and importance for the more 
thorough understanding of the normal mode of action of the kidney, 
are given in full in Table 6. 


TABLE 6.—Resutts 1n NormMaAt Persons WHILE FAstiInc 


Water Intake 











Observation 1. 


First Day of Starvation. 


Urine 









































NaCl N 
Time Cl Time ©.C. Sp. Gr.* |————————————m — ane 
Te Gm by Gm. 
~ 8 | oo | 80 | £2 | m | oo | Lor | 040 | 1.20 
10 200 | 10-12 345 08 0.52 1.79 031 | 107 
12 200 | 12- 2 92 15 0.82 0.75 0.80 | 0.82 
2 20 | 24 2 18 0.52 0.48 092 | 085 
4 200 4-6 390 07 0.16 | 0.62 0.26 1.01 
6 200 6- 8 132 17 0.50 | 0.66 0.89 1.17 
Total, day....... ~~ 4,200 | aka 1,296 eee ee |x 587 ee 6.12 
TGR. ccccccccses o | &8 295 7 0.74 2.18 1.69 4.99 
Total, 24 hours... 1,200 | wo |)!l!™CwdLté‘i;ét 11.11 
Observation 2. First Day of Starvation. 
Water Intake Urine 
: -” 1 ae NaCl N 
Time | C.C. Time 0. Sp. Gr.* — —_—_- 
% | Gm % Gm. 
8 | % | 80 | wo | i | 102 | 1.08 0.76 0.76 
10 250 10-12 45 2 0.78 0.35 1.13 0.51 
12 i) 12- 2 56 22 0.96 0.58 1.16 0.65 
2 2%) 2-4 268 05 0.18 0.48 0.30 0.80 
4 250 4- 6 202 08 0.16 0.32 0.40 0.81 
t om) 68 174 oR | 60.16 0.28 0.38 0.66 
Total, day........ 1,500 : 845 j 2.98 | 49 
Night...... 8 250 & 8 900 10 0.16 1.44 0.49 4.41 
Total, 24 hours. , ~ 4,750 = 1,745 4.42 ss 8 60 : 
Observation 3. First Day of Starvation. 
Water Intake Urine a > 
Ra, woe a ee 
Time C.C. Time on Sp. Gr.* |_—____—_—_'— a 
| % Gm . | Gm. 
— as 250 &10 | 40 27 0.66 0.26 1.37 0.55. 
10 250 10-12 325 O4 0.38 1.24 0.25 | 0.81 
12 250 12- 2 41) O4 0.34 1.58 0.16 0.72 
2 250 24 205 06 0.32 | 0.66 0.30 0.€2 
4 250 4- 6 178 06 0.24 | 0.43 0.29 | 0.52 
6 25) 6-8 1M 06 0.22 0.45 0.22 0.45 
Total, day.......| 1,500 1,402 : | 48 “3.67 
ee 0 7 20 0.42 1.08 0.94 | 2.42 
Total, 24 hours.. 1,500 1,659 = 5.65 re 6.09 
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TABLE 6.—ReEsutts 1n NormMAL Persons wHILe Fastinc—Continued 


Observation 4. Second Day of Starvation. 








































































































Water Intake Urine 
vat , ee —- —_— tt 2. 
Time C.C. Time 0.0. Sp. Gr.¢ |——__-_——_—__ —_ - 
% | Gm % Gm. 
4 250 8-10 70 a1 | om | 017 | 09 | 0.67 
10 20 | wR | 110 18 0.26 | 0.29 0.78 0.86 
12 230 | we 158 4 0.22 | 0.85 0.58 0.92 
2 a0 | 24 | 40 06 010 | o4 0.22 0.97 
4 250 4- 6 296 06 0.14 | 0.41 0.27 0.80 
6 250 68 | 234 08 0.22 | 0.51 0.82 0.75 
Total, day....... 1,500 | wor |))|)|CUd|t”t”t*é‘“‘(lC  !!CdYC 
I ciectcanins 0 & 8 770 15 0.20 | 1.54 0.56 4.31 
Total, 24 hours.. 1,500 “q 2077 i i: } an | ~ | 928. 
Observation 5. First Day of Starvation. 
Water Intake Urine 
Time 0.0. Time | OC. Sp. Gr.* ee... ae a : 
% Gm % Gm 
8 150 10 | 5 2 | 0% 048 | Lo | O51 
10 150 10-12 104 17 1.14 119 | 0.78 0.81 
12 150 12- 2 77 17 1.15 089 | 0.85 | 0.65 
2 150 2-4 115 13 0.72 0.88 0.73 | 0.84 
4 150 4-6 65 20 0.84 0.55 1.08 | 0.67 
6 150 6-8 96 15 0.52 0.50 0.77 | 0.74 
Total,day.......| 00 | £4x| or | | | @« | 
en 0 & 8 308 | 0.54 166 | 1.58 4.87 
Total, 24 hours.. 900 tin = ‘B15 =. i ae ik 6.10 | ™ "9.00 
Observation 6. First Day of Starvation. 
Water Intake Urine 
Sy Tey a cea we ea ~~ ee ee 
Time 0.C. Time 0.0. Sp. Gr.* ————— — ——_—_ - 
% Gm. % Gm. 
8 350 4 $10 | 6% | %& 178 | 1.0 0.73 | 1.00 
10 350 10-12 405 06 0.26 1.05 0.15 0.61 
12 175 12- 2 300 06 0.36 1.98 0.22 0.6 
2 175 2-4 840 06 0.22 0.75 0.15 52 
4 175 +6 135 10 0.60 0.81 0.36 0.49 
6 175 6 8 34 16 0.94 0.32 0.60 0.20 
Total, day....... 1,400 p aes ~~ 1,800 ll wei 6.60 2 “47 
TIGRG.. cc 0ceccesss 0 & 8 150 28 0.82 1.23 0.98 1.40 
Total, 24 hours.. 1,400 if 1,450 iets wae = ingiiae 5.57 
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TABLE 6.—Resutts 1n NormMat Persons wuHire Fastinc—Continued 


Observation 7. Second Day of Starvation 











Water Intake Urine 
Time | CC. | Time | ©. | Sp.@r- 

8 175 : 810 a, neal 34 - rc ate 

10 175 10-12 102 12 

12 350 12- 2 122 10 

2 350 2-4 385 05 

4 175 4- 6 375 05 

6 0 68 202 7 
Total, day.... - oad — 1,225 > aon 1200 ~~” “wer 
Night , - . 0 & 8 460 22 
Total, 24 hours “* > | ’ 1,225 i rere ie 1,680 e eee 


Observation 8 Second Day of Starvation 


Water Intake Urine 
Time C.c “Time med We ( Cc. Sp. Gr.* 
~ §10 “i aes 77 ei ry r 
10-12 45 25 
Not 12-2 64 25 
Noted 
2-4 44 26 
‘- 6 60 ) 
6 8 68 6 
Total, day. ° ; ? ny 353 a i 
Night , - & 8 475 17 
Total, 24 hours ‘ ’ 828 : 








* Last two figures only. 


It is evident that even in starvation there is a maximum concen- 
tration of 1.020 or over. This would not have been the case had water 
been forced continuously, as has been done by a number of observers. 
Under such conditions there is a continuous flow of urine of low 
specific gravity. In the present studies only such amounts of water as 
the person was supposed to desire were taken at regular intervals, thus 
providing a constant stimulus to diuresis. Under such circumstances 
there appear to be two types of response, one seen in Observation 8 
(Table 6), the other in the remaining experiments. In Observation 8 
there was no record of the water intake ; presumably, however, it was 
low, as the specific gravity remained high and fairly constant through- 
out the day; Observation 5, with a comparatively low water intake 
(150 ¢.c. every two hours) approximates this result. In the other 
observations, when the water intake was higher, there was at least one 
specimen in the twenty-four hours that reached 1.021 or higher. This 
is in large part due to the fact that in spite of the constant water intake, 
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there was at intervals a large urine output, exceeding the intake by a 
considerable margin, followed by a period of comparative oliguria. It 
seemed as though, if the resistance which the diuretic stimulus encoun- 
tered were once overcome, the kidney continued to act and drain the 
body of as much fluid as was available, acting much on the principle 
of asyphon. Thus, there would be either one (Observations 2, 3, 4, 6 
and 7, Table 6, and Observation 4, Chart 2) or two periods of diuresis 
(Observation 1, Table 6, and Chart 2) during the day. 

That the specific gravity varies in inverse proportion to the quantity 
of fluid excreted is readily appreciated. It is this factor of variability 
in the water output, in spite of a constant fluid intake, that evidently is, 
in part at least, responsible for the production of a specific gravity of 
1.020 or over during some period of the day or night in normal per 
sons. The quantity of nitrogen excreted remains fairly constant from 
period to period, being at times slightly higher when diuresis occurs 
The sodium chlorid has a tendency to be much higher in the morning 
hours than in the afternoon on the first day of starvation. Here again 
during the period of high urine output the salt excretion is frequently, 
though not always, raised. These facts are brought out clearly in 
Chart 2. The one observation (Observation 4, Table 6 and Chart 2) 
covering the second day of starvation indicates that the sodium chlorid 
output becomes constant from hour to hour at that time 

Explanation of the Charts—Except Charts 1 and 4, each chart is divided by 
two horizontal lines into three tiers. The lowest of these gives the figures 
for water and specific gravity, the middle for nitrogen and the upper for 
sodium chlorid. Each is further divided by a central vertical line into right 
and left halves. The left half, with its scale at the extreme left, contains 
six columns for the two-hourly specimens collected between 8 a. m. and 8 p. m. 
Each column represents absolute values. The right half is read by the scale 
at the extreme right. The columns of this right half are two pairs; the 
central pair represents the total night and the total day twelve-hour figures 
for volume, nitrogen and sodium chlorid, night in solid black and day in oblique 
hatching at its right. The pair at the extreme right represent intake and output 
for the whole twenty-four hours, intake at the left in vertical, output at 
the right in cross or oblique hatching. The dots joined by continuous lines 
crossing each tier from left to right indicate the specific gravity and the 
percentage concentrations of nitrogen and sodium chlorid, respectively, and 
are read from the scale at the left. 

It seems justifiable to conclude, therefore, that a normal individual 
will void at least one specimen a day, when the urine is collected 
according to the method under discussion, of a specific gravity of 1.018 
or more on any diet, and of 1.020 or higher on the low or normal diets. 


THE VARIATION OF SPECIFIC GRAVITY IN NORMAL TESTS 


From Tables 2, 3, 4 and 5 it is evident that in normal individuals 
there is usually a variation of specific gravity of 9 points or more while 
on the high and low diets, but that the variation may be much less on 
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Chart 2.—Results of two-hourly collections of urine in the day time and a 
single specimen at night in normal individuals, while taking no food or fluid 
except water. Note the marked variations in the volume and specific gravity, 
and the concentrations of N and NaCl in the urine, in spite of the constant 


fluid intake. 
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the normal diet. It would seem that this is largely a matter of the 
amount of fluid taken during the day. This is comparatively high 
with the low protein diet, in which the vegetables, cereals and fruits 
contain much moisture; in the high diet it is forced to some extent, 
although even here, during hot weather, especially when there is much 
water lost through the skin, as Lyle and Sharlit have shown, and as 1s 
noted in the present observations, the amount of water consumed is 
inadequate to result in much variation in the amounts of urine elim- 
inated, and the result may be a distinct fixation of specific gravity, 
though this occurs but rarely, and always at a high level; with the 
normal diet, however, the results are distinctly different, and there is a 
marked tendency to a fixation of the specific gravity. [vidently, under 
ordinary circumstances, the normal individual is in the habit of taking 
less fluid than when consuming the food which we have been accus 
tomed to use in the low and high diet tests. It has been previously 
mentioned that a kidney apparently affected by a constant diuretic 
stimulus of frequently repeated drinks of water of moderate size 
will exhibit periods of polyuria and oliguria (Table 6 and Chart 2), 
and that this variation in the specific gravity in the specimens of urine 
obtained from hour to hour appears to be one of the characteristics of 
a normally functioning kidney when receiving an adequate supply of 
watef, regardless of the diet. It may be concluded, therefore, that 
under the conditions of the test a normal urine is one which exhibits a 
variation of specific gravity of 9 degrees or more. A smaller variation 
does not necessarily indicate that the kidney is abnormal, provided the 
specific gravity is high (1.020 or over), but may point to a deficient 
available supply of water from which to form urine. It may prove 
itself of value in appropriate cases to use this method to determine 
whether or not an individual is drinking enough water to meet his 


bodily demands. 


THE VOLUME, SPECIFIC GRAVITY AND CONCENTRATION 0O NITROGEN 


OF THE NIGHT URINE IN NORMAL TESTS 


The main error of the former normal standard lay in the fact that 
the volume of the night urine was thought to be 400 c.c. or less. Lyle 
and Sharlit have already pointed out that this is incorrect. The present 
studies ( Tables 2, 3, 4 and 5) indicate that the night urine, when the 
collection of ‘this specimen is begun three hours after supper, and no 
further food or fluid is taken until the next breakfast, may be as high 
as 750 c.c., regardless of whether the diet be high, low or normal. If 
this be true, it necessarily follows that the night urines exhibit lower 
specific gravities and lower concentrations of nitrogen than was origi- 
nally thought possible. In judging the night specimen, therefore, only 
urines exceeding 750 c.c. may be looked on as exhibiting nocturnal 
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* polyuria; the specific gravity figures can only be regarded as of any 
value, in so far as they may, in some cases, be the maximal concentra- 
tion of the test; the concentration of nitrogen may be interpreted as 
normal if it is over 1 ‘per cent., but not necessarily as an indication of 


diminished renal function, if it is lower. 


ee 


THE REVISED NORMAL STANDARD 





The normal standard, as discussed in the foregoing for the various 


“4 AICS ERI 


diets, is summarized in Table 7. It would seem from these tabulations 
(Tables 2, 3, 4 and 5), with some minor differences as indicated in 
Table 7, and the very obvious conclusion that a high concentration of 
salt and nitrogen is less frequent on the low than on the other diets, 


,. TABLE 7.—NormMat STANDARD FoR Test Meat For RENAL FUNCTION 
Diet 
: High >, Low Normal! 
Maximum specific gravity 8 - 20 + 20 
‘ Degrees variation of specific gravity, usually a] Y No value 
Specific gravity of night urine......... Of no significance 


Volume c.c. of night urine.......... 70 ¢.c. or less 
N and Nac! per cent. in night urine / } Normal if 1 per cent. or higher, not 
x or highest per cent. in any specimen j / necessarily abnormal! if less 
that the diets may be used interchangeably for the test. When the 
significance of the factors already discussed is more thoroughly under- 
1. stood, various simpler methods will perhaps be devised to test out one 
i point or the other that may seem especially important. The summary 
7 given in Table 7 would indicate that the height of the maximum specific 


gravity and the volume of the night urine are the most constant 
features of the normal test, regardless of the diet. The other char- 
acteristics are possibly robbed of some, but not all, of their significance, 





because they fluctuate within such wide limits. 


TEST MEALS FOR RENAL FUNCTION ON HIGH AND, LOW DIETS IN 
ABNORMAL INDIVIDUALS 


The comparative value of test meals for renal function on high and 
low diets was observed in 114 patients whose diagnoses are detailed 
in Table 8. In the study of these cases only the high and low diets 
were employed. It was thought that these would probably yield results 
id with the greatest possible contrast. “Normal” diets are usually imprac- 
Ui ticable in the class of patients under consideration. The only possible 
disturbing element, if other diets than these would be employed in 
carrying out the test, would appear to be the greater tendency to a 
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fixation of the specific gravity (Table 5). Due allowance can be 
readily made for this variation. The tests under consideration are so 
numerous that only a summary of them can be presented. The findings 
previously reported* for diseases of the urinary tract have been thor- 
oughly substantiated, and only such facts as appear to be new will be 


completely discussed. 


TABLE 8.—Cases IN wHicH A COMPARISON oF Test Meats on HicGH 
anD Low Diets Was Mane 


Number 

Diagnosis of Cases 
Chronic nephritis base 58 
Essential hypertension 21 
Acute nephritis . 13 
No renal disturbance 6 
Pyelitis and cystitis 4 
Cardiac disease 4 
Marked anemia 
Hyperthyroidism - — 
Spina] cord injury and paralysis of bladder l 


Polyeystic kidneys 


1l4 


NOCTURNAL POLYURIA 


There were twenty-one patients of the 114 studied in whom there 
was a nocturnal polyuria (that is, more than 750 c.c. of urine at night) 
on only one of the tests. It is very significant that the increase of night 
urine occurred almost exclusively on the high diet (Table 9). In only 
two of the twenty-one cases in question was it found with the low 
diet test; in one of these the patient was evidently eliminating edema 
at the time he was exhibiting a nocturnal polyuria and may therefore 
be considered as being under diuretic influences, which nullified those 
of the diet; there was no evident explanation for the occurrence of 
the increased volume of night urine on the low diet in the second case, 
the one diagnosed as hypertension. 

It is self evident that there should be a greater elimination of salt 
and nitrogen on the days of the high diet than on the low. This 
increased excretion is likewise present in the corresponding night urine 
(Table 9). This simple fact throws much light on the question of 
nocturnal polyuria, which has thus far been largely accepted as a 
symptom for which there was no definite explanation. It may be 
noted that in both instances in which the nocturnal polyuria occurred 
during the low diet period there was an increased elimination of salt 
and, in one case, an increased excretion of nitrogen, as compared to 
the high diet period. It would then appear that the quantity of solids 
which the kidney was eliminating might be considered the determining 
factor controlling the amount of night urine. In the first place, it may 
be concluded that nocturnal polyuria is a compensatory phenomenon 
to bring about the elimination of solids which a defective kidney 
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cannot excrete except at lower concentrations than normal; in the 
second place, it appears that nocturnal polyuria is a signal that the 
kidney function is being overtaxed and that, in some instances at 


least, a suitable diet may do away with this unnecessary strain. 


TABLE 9.—Comparison or Nicut Urines 1n Tuost Cases IN WHICH THERE 
Was No RNAL Poryurta (More 7 < 750 Cc.) on Onty ONE Of! 
H Test Duets 
Night l 
Phenol 
sulphor Low D High D 
? Per Ce V Na N ve NaCl N 
‘ ‘ ty oll ‘ ‘ : u 
‘ 0 840 mé 4 
Chr , 10 ‘ oF 1065 1.0 
‘ I ) ‘ 925 8 
( 8 4 1447 6.0 7 
. I “) i 4.4 790 4. H 
. I 1x 780 0 
( \ * 1300 s 4 
‘ i 44 44 820 s H 
< 1000 4 ‘ 
( I 1910 
( i i 1170 ‘ 1.68 
Es ‘ i 900 8 
Essentia 1040 1.68 . 1.0 
Es . is ‘ 767 1.04 
Fes 4 1240 s 08 
A I i “ 860 
Acute ne t ’ 1160 4.18 
\C “0 795 8 
I i S 780 s 
Ane 5 8 1250 7 i 
( . 1004 
\ etaile exam} le of these phenomena Is given in lable 10 and 
Chart 3 This was a case of chronic nephritis of moderate s« verity 
The tests on the low diet and the high diets show absolute agreement 
except for the presence of nocturnal polyuria on the high diet and 
none on the lov There is a distinct fixation of specific gravity at a 


rather low level + 1.014; the concentrations for salt and nitrogen 
do not rise very high and are fairly constant, and the output of fluid 
during the day is approximately the same in both instances; in the 
night urine, however, the high diet test shows a volume of 780 c.c., 


~ 


containing 3.2 gm. of sodium chlorid and 5.3 gm. of nitrogen, as con- 
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trasted with 400 c.c., sodium chlorid, 1.28 gm., and nitrogen, 3.2 gm., 
on the low diet. Since the concentrations of sodium chlorid and 
nitrogen in the urine did not vary appreciably, it would appear that 
the nocturnal polyuria here is a distinct compensatory manifestation to 


eliminate the solids which would otherwise have been retained 


TABLE 10.—Resutts witn HicH anp Low Diets 1x a Case or CHroni 
NEPHRITIS OF MoperRaATE SEVERITY Tue Tests Are 1N ABSOLUTE AGREE 
MENT Except Tuat NocturNaAt Potyuria Is Present on tHe Hicn Diet 
AND Not on tHe Low Diet luis Is a Very ComMon DISCREPANCY (Tut 


Figures Corresponp with CuHart 3.) 


Sodium Chlorid Nitrogen 
Time of Day ct Specific —— Albun 
Gravity Per Cent Grams Per Cent Grams Per Cent 
7 8-10 l 3 sors 
10-12 6a 1.014 
8 1.014 
4 10 1.014 
i- € 88 1.014 
Total, day 8 0.36 1.90 7¢ 4.01 Faint trac 
Night, &8 . 1 0.4 7) 2 4 } 
Total ‘ . 10 
Intake 1,760 a 0 
Balance 4 praree 40 4.0 
Sodium Chlorid N g 
me of! C4 Specifi alt 
Gravity Per Ce ims j ( G I ( 
& m4 i 
5 4 
8 1.0 
H 1.01 
4 Os 1013 
8 124 1.012 
Total, day Os 0.50 4 7 & F t tra 
Night, $8 40x 1.013 0 1.28 0.80 0 F ce 
Total, 24 hrs is 4 . 
Intak 800 00 8.80 
8 62 448 


It has been generally believed that polyuria, in chronic nephritis 
Q : por I 

and other conditions, is a favorable symptom, provided that it results 

in an adequate excretion of solids in the urine, and dietetic measures 


have as a rule not been directed against it. In diabetes insipidus we 
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High Diet Test 
Chart 3.—Results with high and low diets in a case of chronic nephritis 
The tests are in absolute agreement except that nocturnal 
This is a very 


of moderate severity. 
polyuria is present on the high diet and not on the low diet. 
common discrepancy. 

















Low Diet Test 
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have an example of the most extreme polyuria which apparently does 
not damage the kidney. Cases of chronic nephritis, however, present 
a different problem; in them it may very well be that overstrain of the 
function of water excretion may result in further damage to the 
kidneys. While the present observations do not furnish conclusive 
evidence on this point, it is interesting to note that many of these 
patients welcomed the low protein diet because it relieved their thirst 
to such a great degree. To them the polyuria appeared to be a second 
ary consideration. Furthermore, in one instance, at least, an acci- 
dental observation showed that water given in large amounts may 
result in a diminished urinary output instead of an increase (Chart 4). 
Similar phenomena have been recorded as the result of diuretic drugs 
and sodium chlorid. That a diuretic as bland as water should 
“fatigue” the kidney is probably somewhat surprising. In another 
instance of severe nephritis, the same phenomenon was seen as the 
result of a glucose infusion. It may be that a polyuria persisting for 
a longer period may cause a gradual impairment of renal function, 
just as the sudden huge increase of water intake in the instances 
cited in the foregoing brought about an immediate diminution in the 
volume of urine. These facts must be looked on as suggestive only, 
unless they are borne out by further evidence. There were nine cases 
of chronic nephritis in the present series exhibiting nocturnal polyuria 
on both diets; their phenolsulphonephthalein excretion ranged from 
35 to 5. The eleven cases in which the abnormally high night urine 
was present on only one diet (almost invariably on the high diet, 
Table 9) showed a phenolsulphonephthalein varying from 46 to 0. 
The remaining cases of chronic nephritis, thirty-eight in number, in 
which there was a night urine, normal in amount, on both the high 
and the low diets, revealed phenolsulphonephthalein excretions vary- 
ing from O to 58 per cent. in two hours. Of the twenty-one cases 
classified as hypertension, in which the phenolsulphonephthalein was 
approximately normal, there was nocturnal polyuria on the low diet 
in one case, on the high diet in three cases, and no nocturnal polyuria 
on either diet in seventeen cases. From these facts it may be concluded 
that nocturnal polyuria may be absent even when there is a very 
marked renal insufficiency, but that when it is present it indicates a 
distinct impairment of function, especially if the night urine is 
increased while the patient is on a low diet. 

As has been stated before, the interpretation and therapy of any 
one of these abnormalities depend largely on the cause. An entirely 
different significance is to be attributed to nocturnal polyuria in chronic 
and acute nephritis, pyelitis, cystitis, severe anemia, diabetes insipidus, 
etc. In general, nocturnal polyuria was found to exist in the same 
type of cases as in the observations previously recorded. 
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THE MAXIMAL SPECIFI¢ GRAVITY 


his is probably one of the most important features in measuring 
renal function by the method under consideration. It has been 
previously noted how, as the activity of the kidney becomes impaired, 
there is a tendency for the specific gravity of the urine to assume a 
lower level until in the final stages it usually cannot be raised above 
1.010. In the present studies it has been shown that in the normal 
individual the test meal for renal function elicits a maximal specific 
gravity of 1.018 or over on the high diet and of 1.020 or more on 
the low (Table 5). In comparing the results of the high and low 
diet, as far as the maximal specific gravities are concerned, in abnormal 
individuals, there is a fairly close agreement (Table 11). 

\s is shown by the figures in heavy type in the comparative statis- 
tics given in Table 11, there is more than a very slight disagreement 
in the conclusion to be drawn from the maximal specific gravity on 
the high and low diets in only sixteen out of the 114 tests, and in 
most of these the difference is not very great. There are, however, 
a few in which there is a marked divergence between the two. In 
a number of these it is the very rapid change which renal function 
undergoes in patients in whom there is an edema, either because 
of passive congestion brought on by myocardial insufficiency, or as 
an accompaniment of either chronic or acute nephritis. In all of 
these conditions, which are so closely related to the question of renal 
function, both in chronic and acute nephritis, there is nearly always 
a specific gravity of about 1.020, which is usually fairly fixed The 
change from an oliguric state to one in which there is a polyuria 
and an elimination of the retained fluid, is often, though not always, 
1 very rapid one This very sudden increase in the quantity of 
urine elimination is accompanied by a corresponding depression in 
the specific gravity. This, instead of being constantly high, now 
becomes fixed at a low level. In two cases, a record of the urinary 
excretion by the test meal method was fortunately obtained on the 
day when the polyuria set in. In the first patient there had been a 
very marked and persistent edema for more than four months; he 
was suffering with an acute nephritis which was becoming chronic. 
lable 12 and Chart 5 show how rapidly in his case the transformation 
occurred from one specimen to the next; it may be considered to be 
a matter of minutes only. Another patient, a case of acute nephritis, 
exhibited this same sudden remarkable change (Table 13). It is 


probable that most of the very marked differences occurring in maxi- 


mal specific gravities of the high and low test meals are accounted 
for in this way. The findings in regard to the above phenomenon 
have been so constant that from a single specimen it was often 
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TABLE 11.—Comparison 
11GH AND 


THE | 


Diagnosis 


Chronic nephritis.. 


Acute nephritis 


Essential hypertension 


Polycystic kidneys 


Cystitis and pyelitis 


Cardiac disease 


Anemia 
Hyperthyroidism 


Spinal cord lesion and 
bladder paralysis 


No renal lesion 


Number 
of Cases 
n which 
Both 
Tests Are 
Normalt 





OF 


THE 


Low 


MAXIMAI 
Diets 


SPECIFIC 


GRAVITIES OBTAINED ON 


IN ABNORMAL 


Cases in which the Maximal 


Specific Gravity 


is Below 


Norma! in One Test Only 


Maximal! Specific 


Gravity! 


Low 
Diet 


(16) 


(18) 


(17) 
(14) 
(15) 


(15) 
(10) 
(19) 
21 
(19) 
(14) 


(17) 


(19) 
(19) 


29 


High 
Diet 


( 


( 
( 





17) 
18 
20 
20 
14) 
20 


18 


I 
l 


Pheno! 
sulphone- 
phthalein 
Per Cent. 

in Two 

Hours 


DO 
3 


79 


Persons * 


Cases in which the Maximal 
Specific Gravity is Below 


Maximal! Specific 


Normal in Both Tests 


Phenol 
sulphone- 
—— phthalein 


Gravity$ 





Per Cent 
Low High in Two 
Diet Diet Hours 
13 16 60 
15 12 5s 
18 15 46 
14 09 “6 
15 16 45 
17 15 4 
17 15 44 
16 11 40 
11 ll ¢ 
0 12 
19 15 3 
16 14 2 
14 15 l 
12 12 a) 
15 15 “> 
4 13 29 
19 17 l 
11 10 %» 
12 12 0 
13 12 ”) 
13 12 0 
14 17 le 
10 11 lt 
1 17 12 
10 ll 10 
14 ll 10 
10 0 8 
10 12 ) 
10 08 5 
OR Oo 
10 11 0 
13 14 0 
oo 12 61 
14 14 Ma 
13 12 a4 
16 17 4 
16 15 53 
13 15 é 
15 15 
15 15 
17 15 
13 14 
14 17 81 
19 15 BU 
15 15 49 
| 
10 10 0 
| 
10 | 11 0 
09 | 11 7 
12 4 7: 
17 17 
| 
14 1 0 
19 | 17 68 


* Only the last two figures of the specific gravity are charted. 
+ 1018+, on high diet; 1020+, 


§ Instances in which 


the variation between 


over are printed in heavy type. 


on low diet. 
? The figure in parenthesis is the abnormal one. 


Instances in which the abnormal figure is 


more than 2 points below normal are printed in heavy type. 
the maximal] figures of the two diets is,4 or 











TABLE 12.—Resutts 1n a Case or Acute Nepuritis with Epema Tne 
EpemaA Hap Persistep ror Asout Four Montus. On tHe Day or HicH 
Diet THE VerY SuppEN CHANGE TO PoLyURIA witH A Mucn Lowerep Spt 
cirFic Gravity May Be Nortep. On tHe Low Diet tHE Marken Success 
OF THE KipNey IN ELIMINATING Epema Is Evipent. Tuese CHANGES IN 
Epematous Cases Frequently Are ResponsiB_e ror Very VARYING RESULTS 
(Tue Figures Corresponp with CHart 5.) 


Sodium Chlorid Nitrogen 
Time of Day Specific -- 
Gravity Per Cent Grams Per Cent Grams 
$10 1.017 0.89 
10-12 ¢ 1.020 
1.020 
1.0? 1 
1.020 
1.006 
Total, day. 
Night, 8-8. 
Total, 24 hrs 
Intake.. 


Balance... 


Sodium Chlorid Nitrogen 
Time of Day Speci fic 
Gravity er Cent (iTrames ent 
8-10 356 1.010 0.66 ”) 
10-12 96 1.014 0.90 1.76 4 
101i | 0.64 
1.014 
1.014 


1.010 


Total, day 


Night, 8-8.......| 1.010 
Total, 24 hrs 
Intake.. 


Balance.. 
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possible to determine whether the edema was retained (specific grav 
ity + 1.020) or eliminated (specific gravity + 1.010) 

At times this transition from a marked oliguria to a pro 
nounced polyuria is not so abrupt. The case of which tests are 


given in Table 14 and Chart 6 illustrates this. This was a patient 
afflicted with a marked chronic nephritis, accompanied by a moderate 
degree of edema. There is no very marked difference between the 
two tests except that on the day of high diet the specific gravity 
was fixed at a lower level (+ 1.011) than on the low (+ 1.014) 


TABLE 13.—Resutt or Test Meat on HiGu Diet in a Case or Acvutt 
NeEPHRITIS. THE SHARP CHANGE FROM QOLIGURIA WITH A HiGH Specirn 
Gravity TO PotyurIA AND A Low Speciric Gravity Is Strrikinc. Tus Is 
PRESUMABLY THE Exact TIME AT WHICH THE KipNEYS BEGAN TO ELIM- 
INATE THE EDEMA 


Sodium Chlorid Nitrogen 
Time of Day cC.C Specific — = 
Gravity Per Cent Grams Per Cent Grams 

—_ £-10 Hy 1.021 7 

10-12 63 1.021 

12- 2 1A 

». 4 57 1.018 

4-6 83 1.017 

6- 8 28 1.000 
Total, day 6 oa 0.57 Ss 0.6 3.34 
Night, 8-8 1,228 , 0.50 6.14 ( 44 
Total, 24 hrs 1,734 ; { 
Intake.. 1,760 . 00 13.40 
salance... . 4-96 ’ se 6.08 601 


This would seem to indicate that fluid was being more readily 
eliminated in the first period. There is not much difference in the 
fluid balances of the two days. (It has already been noted how on 
the low diet, because of the fluid contained in the vegetables, fruits 
and the boiled cereals and puddings, there is an apparently negative 
fluid balance in normal individuals. The small water loss on the 
low diet day may, therefore, be considered to be within normal limits) 
It is probable, however, that the retention of fluid was responsible 
for the test in which the specific gravity was 1.014 and that the 
elimination of the edema resulted in the urinary specimens with a 
specific gravity of 1.011. 

It must be borne in mind in this connection that cases of very 
severe nephritis may not show an elevation of the specific gravity in 


spite of a failing heart and congestion of the kidneys, or because 


of the accumulation of edema associated with renal disease. These 


ee ee 
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k Chart 6.—Results with high and low diets in an advanced case of chronic 
F nephritis with edema. It is probable that the varying reaction of the kidney 
- to the retained fluid is responsible for the difference in the two tests. Here the 
changes are not as abrupt as in Tables 12 and 13. The maximal specific 
’ gravity on the low diet is moderately lower than normal; that on the high 
4] diet is markedly so. 
i 
] 
{ 
i 
: 





VCTION 799 
are among the most advanced types of diminished renal function met 
with, and in them the maximal specific gravity is always at a level 
of about 1.010. This accounts for the very marked agreement of the 


TABLE 14.—Resutts witn HicH anp Low Diets in AN ApvANcED CASE oF 
Curonic Nepuritis with EpemMa Tue MaximMat Speciric GRAVITY ON THI 
Low Diet Is Moperatety Lower THAN NorMAL, THat on THE Hicu Diet 
Is Markepty So. (THe Figures Corresponp with CHart 6.) 


Sodium 


Time of Day Speci fic 
Gravity Per Cent 


Total, day 
Night, 8-8... 
Total, 24 hrs 
Intake.. 


salance 


Sodium Chlorid Nitrogen 


Time of Day Speci fic ~ 
Gravity Per Cent Gran Per Cent Gram 


1.016 
1.011 
1014 
1.014 
1015 
1.014 

To t al, day. 

Night, 8&8. 

Total, 24 hrs 1,040 

Intake.. oe (00 


Balance 


maximal specific gravity figures for the two tests found in most of the 
cases with a very low phenolsulphonephthalein excretion (Table 11) 
Che results of the tests in a case of this sort are furnished in Table 15, 


Chart 7. The results of the two tests are almost identical in every 


respect. Other tests were made on this patient at various intervals 


and always yielded similar results. 
It may, therefore, be concluded that the maximal specific gravity 


values obtained with the low and the high diets are of equal signifi 
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High Diet Test Low Diet Test 
Chart 7.—Results with high and low diets in a case of nephritis of maximal 
severity; there is absolute agreement between the two tests. In this patient 
neither the occurrence of a transient myocardial insufficiency nor the tem- 
porary presence of a moderate grade of edema changed the results obtained 
at various times. 
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cance ; that variations may occur but that these are usually caused by 
the alternate retention or elimination of edematous fluid, and are 
apparently not influenced by the character of the test diet. Changes 
in the level of the specific gravity, as the result of such a deranged 


water metabolism, may be extremely rapid or may occur very gradually 


TABLE 15.—Resutts with HicH anv Low Diets 1n a Case or NEPHRITIS OF 
MAXIMAL Severtty; Tuere Is Apso AGREEMENT BETWEEN THE Two 
Tests. In Tuts Patient NEITHER THE OccURRENCE OF A TRANSIENT Myo 
CARDIAL INSUFFICIENCY Nor THE TEMPORARY PRESENCE OF A MoperaAte GRADE 
OF EpeEMA CHANGED THE Resutts Opstarnep at Various TIM (Tut 


Figures Corresponp with CHaArt 7.) 


Sodium Chlor Nitroge 
I ofp c 4 Specific b 
Gravity Per Cent Grams I Or G I ( 
&-10 ) 1.009 
10-1 1.0098 
l 12 1.009 
‘ 1s A 
4- 15 (x 
6-8 160 1.00% 
Total, day ee | 0.2% ] OM 1.00 
Night, 8-8 RO) 1. 0 58 0.45 4.01 . 
Total, 24 hrs 1,711 4.71 & 
Intake ‘ 1,760 ‘ 8.50 13.4 
Balance 4y bean 79 ee 4.7 
Sodium Chilorid Nitroge 
I of Day C4 Speci fle Alt 
Gravity I ( Gra Per ¢ ( : Per ¢ 
8-10 ; 4 
1 j 1.0 
1 , 140 1.000 
». 4 4 1.0m 
4 os 1 ow 
6-8 11 1 ) 
Total, day w) 0.24 1.9 0.48 Hs 
Night, 8-8 00 1,008 0.28 2.5 0.4 8 vc 
Total, 24 brs 1,600 1.44 i" 
Intake.. 1,400 1.5 ‘1 
Jalance : : 200 es 2.04 ° i 


THE VARIATION OF SPECIFIC GRAVITY 

A study of Table 16 shows that there is no great divergence in the 
degrees of variation in the specific gravity readings on the high and 
low diets in abnormal individuals. Of the fifty-six tests exhibiting 


a subnormal variation on both diets, there are only seven (figures in 
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heavy type in Table 16) in which the difference between the high and 
low diets indicated a marked discrepancy. Of those exhibiting a 





subnormal divergence on only one diet, it appears that an impairment 
of renal function (figures in heavy type, Table 16) is more frequently 
manifested on the high (sixteen instances) than on the low diet 
(nine instances). The reason for this is probably to be found in the 
relatively greater intake of fluid in proportion to the solid food 
in the low diet 

The same factors that may cause a fixation of specific gravity in 
the normal individual (as previously discussed) may also be con- 
sidered to apply to the abnormal. However, the subject whose renal 
function is not impaired usually shows a fixation of specific gravity 
at a high level, while with an impairment of renal function this 
manifests itself at a much lower point (Table 16). It must be borne 
in mind that cases of passive congestion of the kidneys and cases of 
oliguria in either acute or chronic nephritis may all have a tendency 
to fix their specific gravity at about 1.020. That a low, fixed specific 
gravity does not admit of one interpretation but must be closely cor- 
related with the clinical findings, may be readily gathered from 
Table 16. It is obvious that this symptom has an entirely different 


significance in chronic nephritis with a low phenolsulphonephthalein 


output than it has in acute nephritis or cystitis when the phenolsul- 


phonephthalein excretion is normal or nearly so. 

The marked variations that occurred in some of the cases may be 
largely explained, as were the differences in maximal specific gravity 
readings on the low and high diets, by sudden or more gradual changes 
in the response of the kidney to edema. Tables 12, 13 and 14, and 
Charts 5 and 6 illustrate this very well. 

It may be concluded, therefore, that the degree of variation of 
specific gravity in test meals for renal function is not very different, 


whether high or low diets be employed 


SUMMARY 


Specimens of urine were collected at two-hourly intervals during 
the day and for a twelve-hour period at night in a considerable num- 
ber of normal subjects. Various diets were employed while these 
tests were carried out. It appears that certain characteristics, as 
indicated by the specific gravity of all the specimens and the volume of 
the night urine, are present regardless of the diet. These are sum- 
marized in Tables 5 and 7, and they may be regarded as the normal 
standards by which to judge similar tests in abnormal individuals. 

A normal individual will void very varying two-hourly specimens, 
even though the intake of food and fluid is restricted to constant 





TABLE 16.—Comparison oF THE DeGrees oF VARIATION OF SeciFIC GRAVITY ON 
rHE HicguH anp Low Dtets 1n ABNORMAL PERSONS 











Cases with a Variation of Less Cases with a Var 
Number than ¥ in One Test Only than 9 in Bot! 
of Cases 
witha Degrees Maximal Degrees Maximal 
Variation Variation Specific Phenol! Variation Speci fic *henol 
Diagnosis of 9 Specific Gravity sulphone Specific Gravity sulphone 
Degrees Gravity* of Test phthalein Gravityt of Test phthalein 
or More ; - — Showing Per Cent Showing Per Cent 
on Both Low High Least n Two Low High Least in Two 
Tests Diet Diet Variation Hours Diet Diet Variation Hours 
Chronic nephritis 17 8 10 } 8 3 12 2s 
12 7 15 4 7 47 
10 3 OY 4 s 0 0 
10 7 l¢ 4 5 1 11 40 
13 6 l 4 7 4 oe) 
10 4 1s of] t 7 is 
7 14 0 s ) 19 37 
7 6 18 30 4 l st 
8 2 l ) 
2 l4 
4 > l 
2 7 0 31 
é 15 SO 
7 l 30 
7 17 29 
, 5 
4 l 21 
4 19 21 
4 ll 20 
5 1 0 20 
) 16 
‘ l4 16 
l¢ l 
6 1 l 10 
I ll 10 
0 iH ol 
9’ { is ) 
l » > 
5 1 \4 ) 
4 12 0 
1 ll 0 
Acute nephritis ‘ l 6 li 17 7 l : Ow 61 
13 8 16 54 s 14 wo 
4 15 l4 A) l 13 4 
> 16 
8 6 l¢ ” 
4 4) 
’ 5 
85 
l 24 
Essential hypertension ¢ ¢ 12 14 81 - ‘ 17 ~y 
9 4 78 7 10 67 
4 18 6s t f 13 @o 


O4HM8M 


16 14 ) 29 4 
8 15 8 
12 5 ) 
6 ll 19 
Polycystic kidneys ‘ ) 1 10 0 
Cystitis and pyelitis : 1 11 en 
" ) uw 7 
Cardiac disease.. 1 17 7 3 7 t a 0 
. 7 19 1 a 
Anemia oa ! 17 8 15 5 4 ‘ 19 73 
Hyperthyroidism.. l 1 14 »g 4 7 17 
Spinal cord lesion and 
bladder paralysis ) 1 l l 0 : 
No renal lesion ‘ 4 13 7 17 7 
6 11 4 s 
* The figures in heavy type indicate the test in which the variation is less than 9 
+ The figures in heavy type indicate the comparative tests in which there was a marked difference (more 


than 3 degrees) in the variation on the low and high diets 
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quantities of water taken at two-hourly intervals. Under these cir- 
cumstances there are periods of polyuria with a rather low specific 
gravity, alternating with oliguria and a higher specific gravity. This 
phenomenon may prove to be a criterion of the amount of fluid 
necessary to carry on the vital activities of the body. If only small 
amounts are taken, the urine output is low, constant from one two- 
hour period to the next, and the specific gravity becomes fixed at 
a fairly high level. 

Comparative tests on fairly high and low protein diets were carried 
out in a series of patients afflicted with various diseases that are 
known to impair renal function. It was found that in the main the 
results agreed regardless of the diet. Nocturnal polyuria was more 
frequent on the high than on the low diet. This was evidently due 
to an effort on the part of the kidney to eliminate solids by means of 
polyuria when an, adequate concentration of solids was no longer 
possible. Nocturnal polyuria, when occurring with a low protein diet, 
must therefore be regarded as a much graver sign of renal insufficiency 
than when it occurs with a high protein intake. 

Marked variations in the results were brought about by the elim- 
ination of edema. When edema is present, the change from oliguria 
to polyuria may come about with extreme rapidity and influence the 
interpretation of renal function, if judged by the urine alone and not 
by the clinical aspects of the case as well. In every instance, as has 


been previously accentuated, the urinary findings must be correlated 
with the character.of the diseased processes giving rise to the changes 
in the kidneys, in order that the exact significance of this test for 


renal fnuction may be appreciated. 


INT 








TACHYCARDIA OF UNKNOWN ORIGIN * 


THEODORE B. BARRINGER, Jr, M.D 


NEW YORK 


Among the draft registrants examined during the spring of 1918 
by the New York Hospital medical advisory boards there were 141 
men with organic heart disease and ninety-three with what we will 
describe briefly as “tachycardias of unknown origin.” Further scru- 
tiny of this latter group would probably have shown that a small 
number were early cases of Graves’ disease (exophthalmic goiter) or 
tuberculosis, and that alcohol was the cause of the rapid heart rate in 
another small group. <A surprisingly large proportion of the men 
suffering from circulatory disease, however, would be found in this 
group of what we have termed, for want of a better name, “tachy- 
cardias of unknown origin.” 

Fourteen of these men were examined a number of times, their 
histories being taken carefully and their circulatory reactions to 
graduated work being determined on at least three occasions. Chief 
importance will be attached to our objective findings, for many of 
these men either believed that they were not physically fitted for army 
service or wished to avoid such service, which did not tend to increase 
the reliability of their histories. Our experiments with graduated 
work led us to classify our fourteen cases into two groups —a severe 
type and a mild type. The reasons for this classification will be given 
later. 

FAMILY HISTORIES 

Six of our patients gave a history of neurotic taint in the family. 

S. R., aged 21; severe type of case; mother hysterical; father of 
violent temper ; one sister nervous; one brother has pulmonary tuber- 
culosis. 

S. B., aged 23; severe type of case; mother died of melancholia ; 
one sister has melancholia. 

C. G., aged 22; moderate type of case; mother epileptic. 

F. S., aged 28; mild type of case; mother has melancholia, “nerv- 


ous prostration” and pulmonary tuberculosis. 


A. S., aged 22; mild type of case; mother has “nervous prostra- 


tion” and hysterical attacks. 
S. F., aged 22; mild case ; father’s father insane ; mother is nervous 
and has rapid heart action. 


* Submitted for publication June 19, 1918 
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HISTORY OF INFECTION 


In no ong of our five severe cases had the patient ever had acute 
articular rheumatism; one had had scarlet fever and another diph- 
theria. 

The patients in nine mild or moderate cases gave no history of 
acute articular rheumatism; two had had scarlet fever and one had 


had three attacks of pneumonia. 


NATURE AND TIME OF ONSET OF SYMPTOMS 

Severe Type of Case—P. P., for eight years has had pain around 
the heart, exhaustion and shortness of breath after exercise. 

S. R., when a small boy couldn't play with other boys on account 
of shortness of breath. For five years he has suffered from palpitation 
and pain around the heart following exercise. 

S. B., for three years has had palpitation and breathlessness after 
exercising 

P. R., when a child could not run on account of shortness of breath 
and cardiac pain. These symptoms, evoked by exercise, have persisted. 

A. V., when a small boy had to stop running before his comrades 
did on account of shortness of breath. Has had rapid heart action for 
the past fourteen years. 

Mild Type of Case.—Two of these nine mild cases gave histories 
of breathlessness on exertion beginning in childhood. One of these 
histories was probably false. The other seven men complained of 
breathlessness on exertion and palpitation or rapid heart action begin- 
ning from one to six years previously. 

One man (S. F.) occasionally had a stinging pain over the heart 
after exercise and another (K. X.) complained of substernal pain 
after exercise 

Nine men said that they disliked whisky, one saying that it made 


his heart beat more rapidly and caused a choking sensation. 


The physical examination of the circulatory systems was normal in 


all these cases. Occasionally a functional systolic murmur was heard 
over one of the valvular orifices. The lungs were negative and there 


was no evidence of exophthalmic goiter. 


METHOD OF EXAMINATION 


Each man rested sitting on a chair until the pulse rate became 
constant. Work was furnished by swinging dumb-bells weighing 10, 
20 or 25 pounds. The same rhythm was maintained in swinging the 
bells and work was augmented by increasing the number of swings. 


Jetween the exercises the subjects rested for five or ten minutes. 
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From three to six groups of exercises were given on each day the 
patient was examined. The men were seen from three to twelve times, 
several days or a week intervening between the visits 

The pulse was counted in a number of instances immediately after 
work for fifteen seconds, and in all cases, after 110 seconds had elapsed, 
for twenty seconds. Thereby. the rates immediately after work and 
at the end of 120 seconds were computed. 

The blood pressures were read by the same observer by ausculta- 
tion, using a Riva-Rocci type of sphygmomanometer. The frequent 
method’ of observation was used in every experiment, and the infre 


quent method’ in many instances 


REACTIONS TO EXERCISE, CIRCULATORY AND OTHERWISI 


Severe Type——There was a small group of men who responded to 
exercise in a way quite different from normal individuals. In the first 
place they were able to do much less work than normal men. Their 
upper limit of work varied between 1,600 and 4,500 foot-pounds per 
formed in the manner previously described, whereas the normal upper 
limit at 20 to 30 years of age we have found to be between 6,000 and 
12,000 foot-pounds. Again, when they reached the comparatively low 
limits of their efforts they became dyspneic, exhausted and in three 
instances complained of precordial pain. When a normal. person 
reaches his limit of work his dyspnea may be quite as marked, but his 
fatigue is rarely as pronounced and persistent as in these cases. The 
precordial pain is also a symptom rarely found in normal persons 

The facial expression of these persons when they had finished the 
heaviest work was anxious and indicated unmistakeably the distress 
they felt. The precordial pain was referred to the region below the 
left nipple and was accompanied by tenderness on pressure ef the 
underlying intercostal muscles. 

The production by relatively small amounts of work of the syn 
drome of symptoms just described is, we believe, of more value in 
determining the severity of the case than are the pulse rate and blood 
pressure reactions. This has, accordingly, been our chief guide in 
classifying our cases. 

The reactions of the pulse rate are summarized for both severe 
and mild cases in Table 1 and those of the systolic blood pressure im 
Table 2. In Table 1 the expression “overtaxed” signifies that the 
person suffered from marked dyspnea, fatigue or exhaustion and, in 
severe cases, from precordial pain. 

The pulse rates of the severe type of cases were all higher than 
normal and all showed greater increases immediately after work than 


1. Barringer, T. B., Jr.: Am. Jour. Med. Sc., 1918, 155, 864. 
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l Seve 


R Seve 


B Severe 


xX Moder 


Tryp 


1.—REACTIONS 
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Work in 
rt, Foot-Pounds 


re 1,600 


1,200 
Lao 
(10 8.2 000 


1,200 


an 
10 s.30) 3,600 


ere » 000 


000 
1) 8.20) 4,000 


2 O00 
2,300 
3,000 


2,100 
8,000 


0 8.20 


4,000 


re 2.000 
(90 8.15) 3,000 


000 
8,000 


re 2.200 
400 
(20 8.20) 4,600 
2.300 
3,400 
£500 
6.300 
7,700 


6,600 


9,200 


ite 8.700 
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Putse Rate To GrapuATep Work IN 
oF TACHYCARDIA 
Pulse Rate Return 
—_—_—_—— to 
After Work Normal Remarks 
sefore — in 
Work Immed At 120 See. 
ately Sec 
104 144 11 180 
100 144 110 1» Overtaxed* 
1l¢ 132 1l4 120 
1l4 130 124 180 Overtaxed 
112 108 120 Overtaxed 
¥. 108 I™ 
y? " 1so 
108 1s Overtaxed 
11 1s Overtaxed 
1 14 108 
122 144 128 
11 1d6 12¢ 180 Overtaxed 
112 140 180 
i8 120 I= 
112 13 240 Overtaxed 
1@ 108 
14 118 180 
100 ll4 1s Overtaxed 
- 11 1% Oxertaxed 
st) 100 180 
20 102 1s Overtaxed 
124 148 128 
128 180 13% Overtaxed 
136 148 136 
136 16 136 Overtaxed 
&S 12% 40 
oo 116 420 Overtaxed 
Sa 104 WO Overtaxed 
) 120 104 180 
06 136 100 Overtaxed 
Of 160 112 240 Overtaxed 
oo 132 r 
Oo 160 116 40 Overtaxed 
100 105 
108 ll4 
100 117 180 Overtaxed 
100 108 
100 108 
10° 106 Overtaxed 
fei) 108 
104 117 180 Overtaxed 
102 112 180 Overtaxed 
124 120 
124 136 40 Overtaxed 
128 120 Overtaxed 
116 124 420 
128 136 200 Overtaxed 
120 136 240 Overtaxed 


signifies 


signifies that patient suffered from dyspnea, fatigue 
a 10-pound bell swung twenty times 


————————— 


or exhaustion and, 
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TABLE 1.—Reactions or Purse Rate to Grapuatep WorK IN 
Cases oF TACHYCARDIA—(C ontinued) 

Pulse Rate Return 
Type = t 
of Work in After Work Normal Re ks 
Case Foot-Pounds Before 
Work Immed At 120 Sec 
ately Sec 
C. G. moderate 100 ns 100 
(20 8.20) 4000 ”) 1U 
» LOU li 100 
4,000 , 118 LsO 
(208 »,000 SS ‘al Uvertaxed 
Pr. B Milk 6,000 14 160 114 180 
Z UD li 10 ty Overtaxe 
8.000 104 140 10 Overtaxed 
100 ll 14s 120 180 
», 100 lt ln 12s oO 
200 ll lw i oO Overtaxed 
6,000 S4 oO 180 
100 0 180 
104 00 Sl. overtaxe 
6,000 “> 1x oo 
7,500 104 124 40 
000 108 160 wo Overtaxed 
Ww.R Mild 000 11 148 120 180 
5 100 1] li 
6,700 ll 10 Overtaxed 
7,000 1! u 0 Overtaxed 
100 } = 
100 140 “) 
100 12 20 Overtaxed 
8. F. Mild 5, 100 76 Ss 10 
22 7,700 ” 100 180 Overtaxed 
> 100 4 | Li Sl. overtaxe 
6,100 U 10 sO Overtaxed 
A Ss Mild 6.300 RS 
992 +400 gv 0 180 
10,644 10 wn Overtax 
6.300 104 0 
9.400 100 135 HO 
11,000 l l «) Overtaxed 
F. M. Mild 4,700 11 
2 tI " il 108 180 Overt axed 
9,300 SS 13t 104 ) Overtaxed 
5.300 RS 1°20 Ss Covertaxed 
300 144 104 Is Overtaxe 
L. H Mild 40 " fi 104 
29 OO “) 140 120 1m) SI. ov taxe 
io r mm 1°4 0 Overtaxed 
oOo 1M 1% 1 
4.500 108 144 112 
5,300 108 156 120 1%) Overtaxe 
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rABLE 2.—Reactions or Systotic Bioop Pressure to GRADUATE! 
Work tn Cases or TACHYCARDIA 


Systolic Blood Pressure 


Name Type After Work 
and of Work in Remarks 
Age Case Foot-Pounds Before First Max 


Work Read mum Delayed 
ng Read Rise 

























ing 
Fx Severe 1,200 12 138 14 No 
1,000 108 128 136 No Dyspnea; t 
400 11 126 136 No Dyspne: rked; exhaus- 
tion; 
1,400 12 l 14 No 
»s.%) 2.100 114 122 134 No Dyspnea marked; exhaus 
tion; pain 
1,200 1l0 190 134 No 
1,600 112 126 136 No 
g.95 oO 14 130 136 No Dyspnea marked: exhaus 
tion; pain 
S R Severe 000 130 126 140 No 
000 122 118 I No Dyspnea d fatigue 
2.0) 4.000 194 ll’ 120 No Dyspnea; fatigue; pain 
1 aK a 114 14 No 
000 136 1 14) No Dyspnea; fatigue 
400 126 124 126 No Dyspnea marked; exhaus 
tion; pain 
l(a 110 1! 12¢ No 
000 11 1! 124 No 
%) 8.20) 4,000 110 10 114 No Dyspnea marked; fatigue; 
pain 
P.R Severe 000 144 14 156 No 
J 8.1 },000 142 142 L2 No Dyspnea; fatigue; pain; 
palpitation 
On 140 144 152 No 
TT 134 138 15? No Dyspnea marked: fatigue; 
pain 
Ss B Severe “M) 1» l 1M No 
400 120 120 148 Yes Dyspnea; fatigue 
m 130 14 162 No 
100 1 138 160 Yes Dyspnea: fatigue 
%) 3.20) 4.600 122 128 14 Yes Dyspnea marked: exhaus 
tion 
A.V Severe un 124 144 144 No 
8 44 122 134 134 No Marked dyspnea and fa 
tigue 
0 8.20) 4,500 116 134 134 No Marked dyspnea; exhaus 
tion 
TD l¢ 14 142 No 
4100 120 138 142 Yes Marked dyspnea and fa 
tigue 
mM 118 144 144 No 
100 114 140 15 Yes Marked dyspnea and fa 
tigue 
4,600 112 124 140 No 6 wks. since Ist observa 
tion; daily exercise sines 
Oo 106 112 4 No Dyspnea and fatigue 
Th 1 118 136 No Dyspnea marked; exhaus 
tion 
£00 108 118 140 No 
o 10 124 134 No mos. since Ist observa 
tion; daily exercise since 
00 10? 122 13 No Dyspnea marked; fatigue 
K. X Mock ow 152 156 178 No 
vi ate 000 14 lh 168 No 
« 0 16 15? Lit No Dyspnea marked; fatigue 
pain 
1000 148 166 168 No 
+ 149 160 168 No 
s 7.000 142 14 160 No Dyspnea marked; exhaus 
tion; pain 
* “10 8.20" signifies a 10-pound bell swung 20 times 
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TABLE 2.—Reactions or Systotic BLoop Pressure To GrapUATED Work 


IN Cases oF TACHYCARDIA—(C ontinued ) 











Name I'ype After Work 
and of Work in - Re irk 
Age Case Foot-Pounds Before First Maxi 
Work Read I I Delayed 
ng Read Rise 
ing 
cC.G Moder 100 130 4 158 No 
2 4,000 122 1238 16 No 
0 8.25) 5,000 12 Ss 16 No Marked dyspnea and ex 
haustior 
A. 8 Mild 6,300 124 1”) 170 No 
< ,400 124 141 ; Las No 
10,600 122 130 1h No Dyspnea and fatigue 
6,300 13% ltt 18 No 
400 134 164 170 No 
11,000 134 l lf No Dyspnea marked; fatig 
8. P Mild >, 600 126 144 17 No 
4 6,700 122 4 lt No Dyspnea marked ar 
tigue 
.100 140 158 178 No 
7,700 134 154 Iso No Dyspnea marked; exhaus 
tion 
», 100 134 13: 17¢ No Dyspnea marked and fa 
tigue 
6,100 l 138 174 No Dyspnea marked and fa 
tigue 
W.R Mild 3,000 148 160 18 No 
>», 400 148 164 182 Yes 
6,700 146 168 1= Yes Dyspnea; fatigue palp 
tation 
7,000 14 14 180 No Dyspnea; exhaustion; pa 
pitation 
400 14 Lit 17 Ne 
6,700 136 148 178 No 
7.000 134 1S 18 No Dyspnea; fatigue palp 
tation 
P.R Mila 7,00 14s 158 176 Yes 
4 8,700 14 144 158 Yes Dyspnea and fatigu 
10,000 138 144 16 No Dyspnea marked and fa 
tigue 
6,000 148 154 162 No 
7.500 14 144 16 No 
000 136 it 15 No Dyspnea and fatigue 
R.D.1 Mild >, 300 ll4 120 132 No 
u 6,600 ll4 116 124 No Dyspnea; fatigue 
7,000 108 120 128 No 
9,000 104 100 122 No Dyspnea; fatigue 
9,300 110 100 119 No Dyspnea marked; fatigue 
Fr. M Mild 4,700 128 136 142 No 
2 6,900 128 14 158 No 
), 300 128 138 1% Yes Dyspnea marked; fatigu 
vertigo 
4,700 130 142 lt No 
6.900 132 144 166 
9,300 116 13 158 Yes Dyspnea marked; fatigue 
L. H Mild », B00 142 152 17 No 
92 6,000 140 1m 176 No 
7,900 134 1” 181 Yes Dyspnea and exhaustior 
. 
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do normal men after the same quantities of work.’ The pulse rate 
failed to return to normal inside of 120 seconds in sixteen instances 
when the heart was overtaxed; five times it returned to normal inside 
of 120 seconds, although the heart was evidently overtaxed; on nine 
occasions it failed to return to normal inside of 120 seconds, although 
the heart was not overtaxed 

Che curve of the systolic blood pressure showed several interesting 


»f normal individuals. “A 


anomalies when compared with the curves 
delayed rise” in pressure (“delayed summit,” Cotton, Rapport and 
Lewis’) following heavy work is an almost invariable finding in nor- 
mal persons. In these persons, both of the severe and mild types, it 


is seldom found, and when present does not persist as in normal people. 
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Chart | Blood pressure curves (“diminuendo” type) following increasing 
amounts of work in S. R., a severe form of cas« 


Che 


show blood pressure curves following increasing amounts of work of 


great majority of these patients, both severe and mild, also 


what may be called a “diminuendo” type The curves, instead of 
mounting higher and higher as they do in normal persons after 
increasing quantities of work, fall lower and lower Che smallest 
amount of work was followed by the highest curve and the greatest 
amount by the lowest curve. Charts 1 and 2 exemplify these pecu- 


liarities. We have observed this type of curve occasionally in cases 
of cardiac insufficiency after increasing amounts of work 

The various reactions to work which we have described make it 
evident that, whatever the underlying cause of the circulatory condi- 
tion in this small group of men may be, the heart’s reserve power in 
Cat h one was cle creased 

One man (A. V.) was given daily graduated exercises with dumb- 
bells and the excellent effect on the cardiac reserve power may be 
seen in Table 2 

hese severe cases resemble closely those described by Lewis and 
his associates as suffering from “disordered action of the heart.” 


2. Cotton, Rapport and Lewis: Heart, 1917, 6, 269 
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Mild Type—rThere were nine patients who were placed in this 
class chiefly because of their ability to perform amounts of work 
approximately normal without evidencing the symptoms of distress 
exhibited by the former group. Several of these mild cases (K. X 
and C. C.) were on the borderland between severe and mild, one of 
the patients having precordial pain after fairly heavy amounts of work. 

The pulse rates were all above normal. Immediately after work 
they were occasionally higher than those of normal men after similar 
quantities of work; nineteen times when the heart was evidently over- 
taxed the pulse rate failed to return to normal inside of 120 seconds; 
three times the pulse rate did return to normal inside of 120 seconds, 
although the heart was overtaxed; sixteen times the pulse rate failed 
to return to normal inside of two minutes, although the work had not 


overtaxed the heart 





Chart 2.—Blood pressure curves (“diminuendo” type) following increasing 
amounts of work in K. X., a case of moderate severity. 


lhe curve of the systolic blood pressure showed more frequently 
a “delayed rise” after heavy work than did the preceding group of 
severe types, but it was quite inconstant. 

The curves of the pressure following increasing amounts of work 
frequently showed the “diminuendo” type referred to above 

In these mild types of cases the patients were apparently able to 
do, without undue distress, about as much work as normal men. The 
only variations from normal which they showed were the tachycardia, 
the infrequent presence of a delayed rise in the systolic blood pressure 
curve, and the frequent presence of a “diminuendo” type of curve. 


SUMMARY 


The reactions to work of fourteen men with tachycardia, between 
the ages of 21 and 30, were observed on a number of occasions 


Five men were classified as belonging to a severe type, chiefly 


because of their inability to perform amounts of work which normal 
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men are capable of and because the performance of comparatively 


small amounts of work was accompanied by signs of distress 


dyspnea, exhaustion or precordial pain 
Reaction of the pulse rates and systolic blood pressure curve to 
graduated work and their deviations from normal have been described 


~ 


>t West Ejighty-Fourth Street. 
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THE EFFECT OF THYMUS GLAND INJECTION ON THE 
GROWTH AND BEHAVIOR OF THE 
GUINEA-PIG 


AN EXPERIMENTAL INVESTIGATION * 


D. M. OLKON, M.D. 


CHICAGO 


The functions of the endocrine organs have been investigated, for 
the most part, by three methods, namely, by extirpation of the gland, 
by feeding normal animals the dried gland or its extracts, and, finally, 
by the injection into the blood stream or the peritoneal cavity of solu- 
tions prepared from the organs. Morphologic studies of these tissues, 
directed mainly towards discovering evidence of secretory activity, 
have yielded confirmatory results in some cases, although it must be 
admitted that the chief effects of these organs are physiologic in 
nature, affecting metabolism and function in certain ways. Gradually 
our knowledge of the specific activities of the thyroid gland, the 
adrenals and the hypophysis, has been becoming exact and definite. 
The status of our knowledge of the endocrine functions of certain 
other structures such as the testes, ovary and corpus luteum is not so 
satisfactory. We are far from possessing any certain conclusive 
information with regard to the specific hormones of these organs. The 
thymus gland is likewise a terra incognita in spite of the numerous 
studies which have been made of it during the past few years. In the 
hope of adding something to our knowledge of this organ, the experi- 
ments which form the body of this paper were undertaken. 

A review of the literature, a summary of which is given later in 
this article, shows that the results of previous investigations are far 
from concordant and mutually confirmatory. Many of the dis- 
crepancies are doubtless due to the fact that many different species of 
animals, standing far apart in the animal scale, have been used for 
thymus gland experiments. Thus, in the feeding experiments, Abder- 
halden and Bartlemez used frogs, Gudernatsch used tadpoles, Hosking 
albino rats, Klose and Vogt dogs, Paton guinea-pigs. But even where 
the animals were closely related, the results of much of this work are 
directly contradictory. Hewer found that thymus gland feeding 
retarded the development of the testes of young white rats and also 


* Submitted for publication Aug. 31, 1918. 
* From the Psychopathic Laboratory of the University of Chicago, under the 
direction of Dr. H. C. Stevens. 
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TABLE 1 TABULAR Review oF THE LiteRATURE. THE RESULTS OF 
EXTIRPATION EXPERIMENTS 


Author Publication Date Animal Results 
Used 
1. Abelous and Billard Arch. de 1896 Rabbits, Great muscular weakness. Death 
physiol. frogs in three to fourteen days in 


frogs. In rabbits there were 
symptoms of intoxication fol 
lowed by stupor. 


Dogs Softening of the bones with in- 
creased excretion of calcium 
salts Fractures tended to heal 


badly, and with less callus; the 

bones tended to bend 
Basch, K Jahrb. f 1906 Puppies Muscular weakness and a dimi 
Kinderh nution of intelligence. The pup 


pies became sluggish and lost in 
weight; finally they became very 
stupid. 


4 Basch, K Ibid 1908 Dogs jones became soft The excita- 
bility of the peripheral nervous 
system was markedly increased; 

iwcular tremor very pro 








nounced. The animals lost in 
weight, although they continued 
to eat enormously They finally 
died. 

Biedl, A Wien. Klin 1903 Hens Weakness of the legs. tremor of 
the entire body, and finally 
death 

r Bied \ Ibid 1903 Birds No observable symptoms 
Broce ( Rey. di elin 1905 Rabbits Reduction of calcium in the bones 
pediat 
8. Colzolari, A Arch. ital 1898 Rabbits Castration increased the weight 
di biol of the thymus gland 
Fischl, Z Ztsehr. f 190 Rabbits, Negative symptoms 
Exper. Path goats, 
u. Therap dogs 
Ghika, ¢ These de 1901 Guinea-pigs,| Castration caused persistent 
Paris rabbits growth of the body, and re 
tarded atrophy of the thymus 
gland 
ll. Goodall and Paton Jour. Physiol. 1994 Guinea-pigs There was a diminution of the 
number of leukocytes, but no 
apparent change in the rate of 
growth of the animal 
Gebele and Miss Hewer Ztschr. f 1910 Dogs Muscular weakness No other 
exper. Path changes 
14. Henderson, J Jour. Physiol. 1904 Rabbits Castration in guinea-pigs, rab 
guinea-pigs bits, and cattle caused a per- 
bulls sistent growth and a retarded 
heifers atrophy of the thymus gland. 
In bulls and unspayed heifers 
normal atrophy of the thymus 
was greatly accelerated s 
15 Hammar, J A Arch. f. d 1907 Frogs No symptoms 
ges. Physiol 
16. Hart and Nordman Berl. klin 1910 Dogs Muscular weakness. No other 
Wehnsehr death 
. o 
l Kloss and Vogt Centrabl. f. 1909 Dogs Muscular weakness Death even 
Med. u. Chir tually occurred from its removal ' 
19. Paton, D. Noel Jour. Physiol. 1908 | Guinea-pigs Castration before sexual matu- 


rity was followed by an increase 
in size of the thymus, and in 
volution of the gland was re ' 
tarded } 
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TABLE 1.—Tasurar Review or THE Literature. THE RESULTS OF 
EXTIRPATION EXPERIMENTS—((C ontinued ) 


Author Publication Date Animal Results 
Used 
20. Paton, D. Noel Jour. Physiol. 1905 | Guinea-pigs The removal of the thymus gave 


rise to a more rapid growth of 
the testes, but no apparent in 
fluence on the general growth of 
the animal 


21. Ranzi and Tandler Wien. klin. 1909 Dogs Emaciation The bones became 
Wehneschr. soft and bent easily 

22. Sommer and Florcken Mad. Ges.zu 1908 Dogs Animals were awkward in shape 
Wurzb. eats and clumsy; their hair became 


coarse, their coats rough, and 
their general behavior stupid 


Soli, U. Presse Méd 1907 Hens, Laid eggs without shells Re- 
capons moval of the thymus produced 
a reduction in the weight of the 

testicles 


24. Taruli and Lo Monaco Bull. accad. 1897 Dogs In only the very young puppies 
med, di Roma had extirpation any results 
There were in these cases dis 
turbances of nutrition, dimin 
ished muscular power, di: inu 
tion of the red blood corpuscles 
and of the hemoglobin The 
disturbances disappeared when 
the dogs grew older 


25. Vincent, 8 Jour. Anat 1903 Frogs No bodily changes 
and Physiol 


26. Vincent, 8 Proc. Phy. 1904 Guinea-pigs No symptoms of any kind 


Soc. Jour. 
Physiol 


caused degeneration in the testes of adult male rats. Hoskins found 
that feeding albino rats with thymus gland produced no constant effect 
on the body as a whole or of any particular organs. Paton, employing 
the same method with guinea-pigs, reported that the growth of the 
testes was more rapid. Here, in the study of one specific question, 
namely, the influence of the thymus gland on the testes, one receives 
three different answers. The method of extirpation has not been more 
successful than that of feeding. One reason for this lies in the struc 
ture of the thymus gland, in certain forms at least. In the guinea-pig, 
as Park has recently shown, small masses of thymus tissue are 
scattered about in the neck adjacent to the main seat of this gland. 
Obviously, extirpation, under these conditions, can never be complete. 
The two results which stand out most conspicuously in the extirpation 
experiments are changes in calcium metabolism and evidence of a 
reciprocal relation between thymus and testes. With the method of 
- injection, investigators have been concerned for the most part with 
the immediate results of the injection. They report a fall in blood 
pressure, acceleration of pulse, dyspnea and diarrhea. In no case, 
however, have prolonged studies been made by this method. It had 


seemed to us, therefore, that because of the possibility of incomplete 
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extirpation and because of the difficulty of causing certain species to 
feed on thymus gland, the injection method was the method of choice 
for an experimental attack on this problem. By means of this method 
one can control absolutely the size and frequency of the dose. 
Furthermore, we have chosen to determine the effect of this gland 
on the general metabolism of the guinea-pig as measured by growth 
of males. A subsidiary problem, namely, the effect of thymus gland 
injections on the growth of young females, was also studied. The 





latter results have some bearing on the question of the reciprocal 
relation between thymus and testes which appears as a result of 
castration. 

TABLE 2.—Luiterature ON THE Resutts or Feepinc EXPERIMENTS 


Author Publication | Date Animal Results 
Used 
— | - — — 
1. Abderhalden, E Arch. d. ges. 1915 Frogs | Darker skin; very active; re- 
Physiol. | tarded metamorphosis 
Bartelmez, B. W Anat. Record | 1915 Ambly | tn Rana it caused more rapid 
(Proceedings) stoma, | development. Amblystoma meta 
Tigrinum | morphosed normally, but sooner 
Rana Cates-| 
biana | 
Giidernatsech, J. F Am. Jour. 1913 Toads Stimulated body growth, but in- 
Anat hibited metamorphosis of limbs 


and tail; hence it has the power 
to suppress differentiation. They 
were very active in their move 
ments as contrasted with other 
feedings 


4. Gtidernatsch, J. F Arch. f 1912 Tadpoles Thymus feeding gave rise to dark 
Fntwekings | colored skin. A good many died 
mechn | early, presenting a “status thy 


micus.” Growth of body was 
greatly increased 





Hoskins, FE. R Jour. Exper 1916 Albino rat | The results were negative, with 
Zool no marked constant effect on 


the body as a whole or on any 
particular organ. Microscopic 
examination of the testes showed 
no degeneration. The apparent 
decrease in the weight of the 
male spleen is doubtful 


Retarded the development of the 
testes in the young rats and 
caused degeneration of the tes- 


6. Hewer, E. I Jour. Physiol. 1916 White rat 


| tes in the adults 
Hewer, FE. |} 1916 White rat Reduced the development of the 
| testes in the young males 


8. Klose and Vogt Klin. u 1910 Dogs Produced diarrhea ' 
Biol. der 
Thymusdruse | 
9% Paton, D. N Jour. Physiol.| 1904 | Guinea-pigs | The growth of the testes was 
| more rapid 
10. Romeis, B Arch. f 1915 Frogs | Increased bedy growth consider- - 
Entwe kings- ably, but retarded metamorpho- 
mechn sis 
| 
11. Salkind, J Arch. d. Zodl.| 1915 Dogs Stimulated general growth from 
exper. et gén. a large amount of feeding of 


thymus gland 








z 


EFFECT OF 


General Conditions of the 
thymus gland of the sheep was 


every week for three weeks. 
the dose was increased twice 


THYMUS 


used. 
sterile physiologic salt solution until a uniform suspension was obtained. 
initial dose was 1 grain of the dried gland for four weeks. 
increased half a grain every two weeks for six weeks. 
During the last two weeks of the experiment 
week. 
maximal dose exceed 10 grains for each injection. 
with a sterilized needle and syringe into the peritoneal cavity. 


each 
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preparation of the 


The powdered gland was triturated, in 


In 


no 


The 
The dosage was 
It was then increased 


case, however, did the 
The injection was made 
Each animal 


used in the experiments was injected twice a week and weighed once a week. 


TABLE 3—Tue Resvutts or INyection EXPERIMENTS 
Author Publication Date Animal Results 
Used 
1. Abderhalden, E. Ztschr. f. 1912 Dogs Repeated injections into the peri- 
physiol toneal cavity produced a fall in 
Chem. |" blood pressure, dyspnea, cramp 
| of unstriped muscle and diar- 
| rhea 
2. Basch, K. Ztsehr. f. 1913 Dogs Injections of extracts into the 
Path. u. blood stream caused a marked 
Therap. fall of blood pressure 
3. Bickel, A. Med. 1901 Fall of blood pressure 
Wehnscehr. 
Berl. 
4. Gebele Beitr. z. klin. 1910 Dogs Enlargement of the testicles. No 
Chirurg. increase of body growth 
5. Popper, R. Sitzung. d.k. 1905 Dogs, Reduction of arterial tension and 
Akad. zu 1906 rabbit dyspnea 
Wien. 
6. Patton and Goodall Proe. Royal 1905 Guinea-pigs | Caused lowered blood pressure 
Soe. Edinb. with symptoms of suffocation 
7. Svehla, K. Wien. med. 1896 | Dogs Produced acceleration of the pulse 
Wehnschr. and a marked reduction of arte- 
rial tension 
8. Vincent, 8. Proc. Physiol. 1904 Frogs No observable symptoms 
Soc. London 
9. Vineent and Sheen Jour. Anat. 1904 | Guinea-pigs | Acceleration of the pulse and a 
and Physiol. fall of blood pressure 
10. Svehla, K. Arch. f. exper. 1900 Infants No definite symptoms 
Path. u. 
Phar. akol. 


To study the effect 


pigs of approximately the same age and weight were chosen. 


of thymus gland injection on growth, eight male guinea- 


Two of these 





animals were treated with thymus gland; two received a suspension of sheep 
muscle; two received injections of tenth-normal sodium chlorid solution and 
two were used as normal controls. To study the influence of sex on thymus 
gland injections, a series of four female guinea-pigs of the same litter were 
taken when 15 days old. Two of these animals were given thymus gland 
injections and two were used as normal controls. The injections of sheep 
muscle were made in order to have a control on the effect of the injection 
of sheep protein. By comparing the growth curves of these animals which 
received the muscle with similar curves for the thymus pigs, the specific effect 
of the thymus is apparent; the salt solution injections were deemed advisable 
in order to have a control on the effect on growth of repeated punctures of 
the abdominal wall and injections of foreign substances into the peritoneal 


cavity. The growth curves of these animals show that the punctures and injec- 


tions of sodium chlorid retard growth very little. 
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From the foregoing data it seems reasonably safe to assume that 





the thymus gland is in some way responsible for disturbances of 





growth and development, and, moreover, the evidence thus far pro- 
duced is also partly in favor of the assumption that the thymus and 
the lymphatic system are coordinated in function and that the thymus 





itself is probably concerned with the development of the sexual glands. 
This does not necessarily mean, however, that the thymus itself is an 
independent organ, but that it has a general influence in the chemistry 
of the ductless glands and also in a specific way by itself. Some 
notable investigators have also shown that a thymus hyperplasia pro- 
duces a change in the circulation of the thymus which not infrequently 
is accompanied by sudden death. The thymus gland has also been 
regarded as a blood-forming organ, and Schaffer’ is the most recent 
advocate of this view. He believes, as a result of his studies on cats : 
and rabbits, that the hemopoietic function is like that of the spleen, 


liver and bone marrow. 


TABLE 4.—Averaces or GAIN AND Loss IN WEIGHT OF 
Gutnea-Pics 1n GRAMS PER WEEK 


Thymus Muscle 
G ea-pig I Guinea-pig II Guinea-pig I Gu nea-pig Il 
Initial Gair Initial + — Gain Initial — Gait Initial Gair 
Weight oss Weight Loss Weight, — Loss Weight, Loss 
Gn Or Gn in Gr Gr in Gu G nG 
OR 84 ‘ a5 
‘ 28. 1 379 +14 3A5 9 
39 ‘ 377 +12 421 f 
= P| 31 47 4 37 4l¢ 1 
18 1 107 ) » i. 
Av AV P Av 1 Av 4 
624 
t 
é 8 i4 385 64 45K 8 
4 40) s4 4s 
= 41 417 ™ 18 
~ 7 421 00 10 124 
‘ wo 41¢ ) 468 ” a 
8 7 ‘ 11 52] ; 
SS 41 8 4 4 2 151 
5 4 rtf 78 451 1 538 1 
‘ 488 136 452 131 445 
' 
a SS 4 L141 nae 174 
AV 4 6/11 AV 44 7/11 Av. +98 9/11 Av 112 6 11 } 
1. The references will be found arranged alphabetically at the end of the : 
article 
) 
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Initial 
Weight, 
Gm. 


Initial 
Weight, 
Gm 
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TABLE 5.—TasiLe or AVERAGES 
Tenth-Normal NaCl Solution Controls 
gi ; Guinea-pig il . Guine a-pig I Gu 
+ — Gain ‘ Initial + = Gain ‘Initial Ga n Initial 
— = Loss Weight, — — Loss Weight, Loss Weight 
in Gm. Gm in Gm Gm n Gm Gm 
481 440 40 
26 517 ai 47s 38 426 
36 OT ¢ 496 56 460 
7 ) 69 33 33 v4 
100 i 86 1 +121 419 
16 515 +34 482 42 
4 487 +6 511 71 453 
80 6 ) 541 
125 516 5 646 06 is 
100 565 M ¢ 183 1 
+137 605 +124 660 0 7 
+179 626 145 698 8 580 
8 655 174 701 61 638 
» 669 158 41 01 670 
0 724 43 789 49 GSS 
f 8 4-957 l 65. 
AV 411/16 AV 95 1/8 AV f l¢ 
TABLE 6.—TasLe or AVERA 
Thy s Controls 
ea-pig I Guinea-pig Il ~ Guinea pig I a G 
= Gain 4 Initial me = Gain Initial Gain Initi 
- Loss Weight, Loss Weight, = Loss Weigh 
in Gm Gm. in G Gm in Gl Gin. 
eo | 7 | - 
+16 91 —5 , 4 , 
16 93 - 110 l 4 
4 104 8 id —1 10 
4 123 27 1 l ] 
7 125 ) 138 41 178 
142 +46 17: 215 
69 170 74 196 + yy ; 
OF 165 69 230 +133 275 
119 187 91 257 +160 16 
137 206 110 281 184 340 
+131 221 +125 327 230 381 
+158 249 +153 359 +262 383 
Av. “AV. 55 9/13 AV. 4 2 9 13 
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Loss 
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THE EXPERIMENT 


Material_—April 17, 1917, eight male guinea-pigs of approximately the same 
size were selected. Each animal was carefully marked and a record of the 
markings kept. They were paired off as to size and weight and their general 
behavior noted. Two of the guinea-pigs were used for thymus injection, 
two for the muscle injections, two for decinormal sodium chlorid injection 
and two acted as normal controls. 

A-second series of guinea-pigs, four in number and all females from the 
same litter, were taken on May 8, when only 15 days old. Two of them were 
given thymus injections and two were used as controls. This was done to 
ascertain the difference in effect of thymus injection between the male and 
female guinea-pigs. 


TABLE 7.—Taste or AVERAGES 








G ea-pig I Guinea-pig Il 
Initial Weight Gair Loss Initial Weight, | Gain — Loss 
G in Gr Gm in Gm 
67° 113 666 —§1 
7 ”) 7 +4 
720 —i5 611 —116 
676 —109 599 —1]28 
682 —103 646 81 
Av. —73 1/3 604 —123 
657 622 —105 
637 20 621 —106 
650) 7 22 —105 
* nt) 631 —V6 
628 —29 
661 4 675 
AV 18 1 AV £0 9/12 
Interval of Injections—The injections were given twice a week, starting 


with 1 grain of the powdered gland (Armour). The dose was increased a half 
grain every fortnight at first, then every week; in the last two weeks of the 
experiment the dose was increased 1 grain twice each week. An exception 
was made when the quantity reached 3.5 grains per injection; this dose was 
kept up for four injections. 
° 

The Weighing—The animals were weighed once a week before the injec- 
tion was given and before they were fed. 

The materials for injection used were: 

1. Desiccated powdered sheep’s muscle 

2. Desiccated powdered sheep’s thymus gland. 

3. Decinormal sodium chlorid solution. 

\ summary of loss and gain of body weight in grams per week was as 
shown in Table 4 
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COMMENT AND CONCLUSIONS 


Our investigation on the effect of thymus injection on the growth 
and behavior of the guinea-pig made prominent several features: 
(1) that protein injections give rise to metabolic disturbances, evi- 
denced by the change in rate of growth and in the general bodily 
signs and symptoms; (2) that more noticeable changes occurred 


when thymus was injected. 
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Chart 1—Series I and Series II. Comparison of deviations of body weight 


per week; +—gain; —=loss in grams; A=thymus-injected Guinea-Pig 
I; B=thymus-injected Guinea-Pig II; C-—=muscle-injected Guinea-Pig I; 
D = muscle-injected Guinea-Pig II; all males; =new guinea-pig. 


Weintraub and Mayer have shown that thymus feeding causes a 
striking increase in the output of uric acid. The experiments of 
Thirloix, Bernard, Abelous, and: Billard show that the removal of 
the thymus in rabbits and frogs gives rise to symptoms of intoxication, 
proving fatal. When half of the organ is removed, death of the 
animal does not occur, but the remaining half of the gland becomes 
hypertrophic. These results suggest that, besides any routine func- 
tion the thymus may have as lymphatic tissue, it has some more specific 
effect on the life of certain animals. Basch, Konig and Tandler, Klose 
and Vogt found that the removal of the thymus in dogs causes an 
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increased excretion of lime salts and a deficient ossification of the 
bones; and in some instances it was followed by coma and death. 
Svehla’s injection of thymus in dogs gave rise to a quickened pulse 
rate and a fall of blood pressure and dyspnea. Paton and Goodall 
found that injections of extracts of thymus in guinea-pigs caused a 
lowering of blood pressure, cardiac weakness, dyspnea, and finally 
death. Paton’s and Henderson’s experiments show that there is a 


reciprocal action between the thymus and testes, each checking the 
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Chart 2.—Series I and Series III. Comparison of deviations of body weight 
I . g 


per week; + gain; loss in grams; A —thymus-injected Guinea-Pig I; 
B=thymus*injected Guinea-Pig I1; E=tenth-normal sodium chlorid solution 
injected Guinea-Pig I; F-==tenth-normal sodium chlorid solution injected 
Guinea-Pig I1; all males; new guinea-pig 


growth of the other. Castration delays involution of the thymus, 
while removal of the thymus causes a more rapid development of the 
testes. Various other investigators, such as Ghika, Gudernatsch, 
Romeis and Bartelmez, found that the thymus possesses vegetative 
functions, for the feeding of thymus gave rise to larger-sized bodies, 
but arrested metamorphosis. Soli, Henderson, Gebele, Hewer and 


—_— — --—— 
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Hoskins have shown that thymus extirpation, thymus irradiation and 


As has 


been said before, another function attributed to the thymus is that of 


thymus feeding inhibited the maturity of the sexual glands. 


a blood-forming organ. 
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Chart 3.—Series I and Seriess IV. 
loss in 


Comparison of deviations of body weight 
grams; A=thymus-injected Guinea-Pig 1; 
Il; G 


new guinea-pig. 


per week; + = gain; — 
B = thyn 


Guinea-Pig 


us-injected Guinea-Pig control Guinea-Pig 1; H=control 


II; all males; 


This experiment brought out the fact that when the additional 
thymus as injected, a change in the body economy took place. This 
struggle between the animal and the invading protein represents a 
situation in which disorganization had taken place, and the conflict 
resulted in a general body loss and in deranged behavior which was 


made manifest in the symptomatic signs and symptoms. 
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The significance of this experiment is the evidence it gives of the 
specific changes caused by the injection of proteins. Among the many 
and varied signs and symptoms observed after injection were: con- 
traction of limbs, contraction of the large trunk muscles; spasms of 
smaller muscle groups about face and neck; undue bodily movements ; | 


~— 


overexcitability when the dose injected was comparatively small (1 or 
2 grains); sluggishness and extreme cessation of action simulating ; 


depression when large doses were given. Another feature was that 
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Chart 4—Series V. Comparison of deviations in body weight per week; 
+ =—gain; —=loss in grams; a= thymus injected Guinea-Pig 1; b= thymus- 
injected Guinea-Pig Il; c=control Guinea-Pig I; d—control Guinea-Pig II; 
all very young females. , 


the hair became dry and rough, and the animals looked emaciated. 
Dyspnea and convulsions were the outstanding phenomena in the 
thymus series. In one instance death followed the extreme dyspnea 
after 4 grains were injected. In two other instances the animals died 
the afternoon of the day of injection. 

These marked effects after thymus injection as compared with the 
other mediums of the experiment, namely, that of muscle and of 
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tenth-normal salt solution, call for interpretation of the differences 
as well of the likeness in the behavior of the guinea-pig. It might be 
argued that such manifestations in the behavior of the guinea-pig as 
contraction of limbs, spasms, unrest, excitability, sluggishness, cramps, 
convulsions, dyspnea and the like, are not measureable entities and 
therefore ought to be left out in the assignment of a causal connection 
between thymus injection and behavior. Yet one is scarcely justified 
in nullifying all such phenomena. When we consider the signs and 
symptoms that follow the injection of thymus, and compare these ani- 
mals with those receiving injections of muscle, of sodium chlorid 
solution, and again with the control animals, it becomes apparent 
how much more acute and representative are the signs and symptoms 
that follow thymus injection. 

In the case in which a necropsy was had soon after the guinea-pig 
succumbed to the injection, the blood in the heart and large vessels 
was found clotted. This finding coincides with the findings of Popper, 
who says that thymus injected intravenously gave rise to clotting of 
blood in the vessels. Of course, the clotting might have been produced 
in the blood stream either from indirected pressure or from substances 
thrown into the circulation which affect the circulatory or respiratory 
centers; but this does not eliminate the probability of toxins in the 
blood stream, as well as a specific entity that plays the role of dis- 
organizer, namely, thymus specificity. 

The results of our experiment put it within the limits of probability 
that the thymus gland, whatever its proteolytic role common to all 
animal proteins may be, has a more specific property, namely, that of 
influencing the bodily growth and behavior of the guinea-pig. 

Additional work is necessary also to establish the causal connection 
between the thymus and its specificity as the gland of internal secretion 
that regulates growth of the sexual glands and the disorganization of 
bony structure. 


SUMMARY 


Since our investigation is of small magnitude, we are justified in 
drawing conclusions only in so far as our evidence will permit. The 
most striking and outstanding features are as follows: 

1. Reduction of weight in the male guinea-pig was produced experi- 
mentally by the injection of thymus gland intraperitoneally. 

2. After the injection, well-marked changes took place, namely, 
muscle spasm, dyspnea, and convulsion. 

3. The muscular spasms that occurred after thymus was injected 
appeared more severe and of longer duration than of either the muscle 
or of the tenth-normal sodium chlorid injected guinea-pigs 
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4. Some animals died after large doses of thymus injection. 
The general appearance of the animals in the thymus series was 
that of grave metabolic disturbances, emaciation, accompanied by 
dryness and roughness of their fur. 


31 North State Street 


REFERENCES 


Abderhalden, E.: Arch. f. d. ges. Physiol., 1915, 162. 

Abderhalden, E.: Studien tiber die Kerne der Thymusdruse und Anaphy- 
laxierversuche mit Kernsubstanzen Nucleoproteiden, Nucleinen und Nuclein- 
saure, Hoppe Seyler’s Ztschr. f. physiol. ( oe 1912, pp. 81 and 285 

Abelous, J. E., and Billard: Recherches sur les fonctions du thymus chez 
la grehouille, Arch. de physiol. norm. et pathol., Series 5, 1906, 8, 898. 

Badertscher, J. A Am. Jour. Anat., 1914, 17, 317. 

Bartelmez, G. W Anat. Record, Proceedings, 1915, p. 47. 

Basch, K Beitrage zur Physiologie und Pathologie der Thymus, Jahrb . 
f. Kinderh., 1906, 64, 1908, 68. 

Basch, K.: Ztschr. f. exper. Path. u. Therap., 1913, 12. 

Bickel, A.: Med. Woche (Berl.), 1901, p. 261. 

Biedl, A.: Wien. Klin. Wchnschr.; Jahrb. f. Kinderh., 1903, 48, 591 

Brocci, ¢ Rev. di clin. pediat., 1905, 30, 320 

etn P.: Neue deutsche Chirurgie. Chirurgie der Thymusdruse. Stutt- 
gart. en : 

Col olari. A Arch. ital. di biol., 1898, 30, 71 

Fis ~ R Monatschr. f. Kinderh., 1907, Part 4. 

Fischl, Z.: Ztschr. f. exper. Pathol. u. Therap., 1905, Part 1, p. 388; Part 2, 
p. 195. 

Flesch, M Beitr. z. klin. Chirurg., 1915, 95, 376. 

Friedleben, A.: Die Physiologie der Thymusdruse, Frankfort am Mein, 1858. 

Fulci, F Deutsch. med. Wcehnschr., 1913, 38. 

Gebele, H., and Hemer E.: Ztschr. f - © Path., 1910. ’ 

Gebele, H Beit. z. klin. Chirurg., 1910, 70, Part 1. 

Gellin: Ztschr. f. exper. Path. u Famed 1910, 8, Part 1. 














Ghicka, ¢ Etude sur le Thymus. Thése de Paris, 1901. 
Gluck, Tl [hymuspersistenz bei Struma hyperplastic, Beitr. z. klin., Chir. 

1894, 52. , 
Goodall, A.: The Postnatal Changes in the Thymus of Guinea-Pigs, Jour 


Physiol., 1905, 32, 191. 
Goodall, A., and Paton, D. N.: Journal Physiol., 1904, 31. 
Groschuff, K.: Anat. Anz., 1900, 17, 161. 
Grosser, P., and Betkl, R.: Monatschr. f. Kinderh., 1910, Part 1, .p. 458. 
Gudernatsch, J. F.: Am. Jour. Anat., 1913, 15, 431; Ibid., January, 1914, No.4 
Hart, K Virchows Arch. f. path. Anat., 1912, 210, 255. 
Hart, K., and Nordmann, O.: Berl. klin. Wchnschr., 1910, No. 18. 
Hatai, S.: Am. Jour. Anat., 1914, 16. 
Henderson, J Jour. Physiol., 1904, 31, 221. 4 
Hewer, E. E.: Effects of X-Rays on the Thymus Gland and Reproductive 
Organs of White Rats, Jour. Physiol., 1916, 50, No. 7. 
Halnan, E. T., and Marshall, F. W. A.: Proc. Roy. Soc., Series B, 1914-1915, 


88, 68. 

Hammar, J. A.: Funfzig Jahre Thymusforschung, Ergebn. d. Anat. u. . 
Enwicklungsg., 1910, 19. 

Hammar, J. A.: Ueber gewicht, Involution und Persistenz der Thymus 
in Postfotollen des Menschen, Arch. f. Anat. u. Physiol., 1906, 27. 

Hammar, J. A.: Zur Kentniss der Tellastierthymus, Arch. f. microscop. 


Anat., 1909, 73, 1 




















EFFECT OF THYMUS ON GROWTH 829 


Hammar, J. A., and Ver Ecke: Die Thymusdruse beim Frosch ein lebens- 
wichtiges Organ, Pflugers Arch f. d. ges. Physiol., 1907, 110, 337. 

Hoskins, E. R.: Congenital Thyroidism. An Experimental Study of the 
Thyroid in Relation to Other Organs of Internal Secretion, Am. Jour. Physiol., 
1910, 16, 426. 

Hoskins, E. R.: Jour. Exper. Zool., 1916, 21, No. 3. 

Klose, H.: Der Thymusdruse, Arch. f. klin. Chirurg., 1910, 92, 1125. 

Klose, H., and Vogt, H.: Beitr. z. klin. Chirurg., 1910, 69, Part 1. 

Klose, H., and Vogt, H.: Monographie, Tiibingen, 1910. 

Langerhans and Saweliew: Beitr. z. Physiol. der Brustdruse. V. A. 1893, 
p. 134. 

Luciani, Lugi: Human Physiology. Translated by F. A. Welby, Macmillan 
& Co., 1913. 

Matti, H.: Ergebnisse d. inn. Med. u. Kinderh., 1913, 10. 

Morrosini and Gellin: Arch. ital. de biol., 1910, 53, Fasc. 38 

Ohlmacher, A. P.: Ref. Handb. Med. Sc., Wm. Wood & Co., 1917, 8, 179. 

Paton, D. Noel: Atrophy of the Thymus Arrested in Guinea-Pigs after 
Castration, Jour. Physiol., 1903, 21. 

Paton, D. N.: Jour. Physiol., 1911, 42. 


Paton, D. N.: The Influence of Removal of the Thymus on the Growth 
of the Sexual Organs, Jour. Physiol., 1904, 32. 
Paton, D. N.: The Relationship of the Thymus to the Sexual Organs 


Jour. Physiol., 1904, 32, 28. 
Popper, R.: Sitzungsb. d. Akad. zu Wien., 1905 
Ranzi and Tandler: Wien. klin. Wchnschr., 1909. 


Romeis, B.: Arch. f. Entwchlngsmchn., 1915 

Salkind, J.: Arch. d. Zool. exper. et gén., 1915. 

Schafer, E.: The Endocrine Organs, London, Longmans, Greene & Co., 
1916, p. 45. 

Schaffer, = Sitzungsb. d. k. Akad. d. Wi sch., Syppl. 3, 1909, 118, 217. 

Sommer, A., and Florcken, H.: Ueber dic F unction der Thymus, Sitzungs! 
d. phys.-med. Gesellsch., z. Wurzb., 1908, Parts 3 and 4. 

Soli, U.: Les testicules chez les animaux ayant subi l’oblation de thymus, 


Presse méd., 1907. 

Svehla, K.: Arch. f. Exper. Pathol., 1900, 43, 

Svehla, K.: Wien. med. BI., 1896, Ny 149, 

Tarulli and Lo Monaco: Bull. accad. med. di Roma, 1897, 23, 31 

Ver Ecke: Travail de laboratorie de physiol. de Gand, Ann. Soc. de méd 
de Gand., 1899, p. 103 

Vincent, S.: Internal Secretion of the Ductless Glands, London, Edward 
Arnold, 1912. 

Vincent, S.: Jour. Anat. and Physiol., 1903 

Vincent, S., and Sheen: Jour. Anat. and Physiol., 1904. 

Vincent, S.: Proc. Phys. Soc.: Jour. of Physiol., 1904, 30, 16. 

Weintraub and Mayer: Cited by A. S. Warthin, Diseases of the Thymu 
Modern Medicine, Lea and Febiger, Philadelphia, 1915, 4, 906 








A lt a ett shy 


\ 
{ 


INDEX TO VOLUME XXII 


Brush, Nathaniel H.: Treatment of general paresis.. 


PAGE 
Abramson, H. L.: Pathologic report of forty-three cases of acute polio 

myelitis ..... EAA eseDideeecedeekeneeedes Hin en oe eee ade 312 
Alkaptonuria; S. S. Schochet................. tii ebhddonesenwasinns 82 
Ammonia in urine, influence of acid phosphate on elimination of; 

W. McKim Marriott and John Howland.............. 477 
Arsphenamin injections, nitritoid crises after; Louis Berman............ 217 
Arteries, coronary, ligation of, with electrocardiographic study; Fred M. 

PE aicine wee eicael aketadhenend seated ear 8 
Arthritis, clinical report of nonspecific protein therapy in treatment of; 

Bee Sh PN cio boewd acc anpiedan mes hein ite garcia ae wadutsuten 240 
Asthenia, neurocirculatory, intensive study of fifty cases of; Alfred Fried- 

lander and William L. Freyhof....... (sade ed batacukwumines t6 693 
Asthma, bronchial, clinical study of 150 cases of; Francis M. Rackemann. 517 
Asthma, bronchial, treatment of, with proteins; I. Chandler Walker 466 
Atchley, Dana W.: Study of eight cases of acute nephritis........ 370 
Atrioventricular bundle branches and terminal arborizations, observations 

on aberrant electrocardiogram associated with sclerosis of; clinical and 

histologic report of case in which such aberrant complexes were 

SE. TI ID Snik bb ecc ceriwecscssavccasnessn 331 
Aub, Joseph C.: Electrocardiogram in thyroid disease.................... 766 
Bacteremia, experimental; J. W. McMeans.............-.eeee0: a? 
Bacteremia, experimental, gastric lesions observed in; J. W. McMeans. 114 
Barringer, Theodore B., Jr.: Tachycardia of unknown origin..... 805 
Benzin, lead and turpentine poisoning in four hundred painters, clinical 

study of frequency of; Louis I. Harris.................se00e. geod scies 129 
3erman, Louis: Nitritoid crises after arsphenamin injections.............. 217 
Bliss, Walter P.: Clinical study of pneumonia based on 871 cases..... 409 
Blood counting, differential, practical identification of endothelial leuko 

cytes in; fourth report of studies on mononuclear cells of blood; 

F. A. McJunkin and Alice Charlton.............. Jascdnaadee 157 
Blood, human, concentration of urea in, remarks on; Ludwig Kast and 

SE: Tk WU ees ois SSCine eens eres eatensseeckhun 581 
Blood sugar in thyroid and other endocrine diseases; significance of 

hypoglycemia and delayed blood sugar curve; N. W. Janney and 

We Be IL. oc: cttdanknnecdhehhicedecnendwiignweme 160 
Sotulism, report of cases occurring in Pacific Coast States; Ernest C. 

RE Sc cdvabisddecsarnncsesecakereneetccasesaes 483 
Brain lesions, organic, serologic localization of; J. M. Retinger 234 
3rooks, Harlow: Study of eighty cases of empyema at Camp Upton...... 269 

245 








INDEX TO VOLUME XXIll 


Carter, Edward Perkins: Aberrant electrocardiogram associated with scle- 
rosis of the atrioventricular bundle branches and their terminal 
arborizations ........ ‘eveetnee ie anetrs sesvennancedeuesecsseuseehanes 

Carter, Edward Perkins: Case of paroxysmal tachycardia characterized by 
unusual control of the fast rhythm........ icsoie' iano ieee hea ikea 

Cecil, Russell L.: Study of eighty cases of empyema at Camp Upton...... 

Charlton, Alice: Practical identification of endothelial leukocytes in dif- 
ferential blood counting........... hand 2 50a tile Saude iel arene a 

Colloidal gold reaction, nature and interpretation of; Karl M. Vogel..... 


orpus striatum, primary atrophy of pallidal system of; contribution to 


the nature and pathology of paralysis agitans; J. Ramsay Hunt.. 


Creatin, excretion of creatinin, uric acid and, in acute febrile conditions; 
a a 6 ee scidadsadeuedsacebaneksuiawadal 

Creatinin, excretion of creatin, uric acid and, in acute febrile conditions; 
i eee ey re eee jinn ciao ih taelaicie 


Diabetes mellitus, comparative food value of protein, fat and alcohol in, 
as measured by the nitrogen equilibrium; Herman O. Mosenthal and 
ene Ti. TINA, ia oc dw twictsacdscéoswes Kauvtasdeaecseoeeneeeiiene 

ee ere re treneaeeawns 

Electrocardiogram, aberrant, associated with sclerosis of atrioventricular 
bundle branches and their terminal arborizations; clinical and histo- 
logic report of case in which aberrant complexes were obtained; 
ES Se isi neeenondeskenecesndakidcussausivesnretenete 

Electrocardiogram, clinical significance of abnormally wide ventricular 
deviation in; Selian Newhof............cccccess Sidntetvavaddevdnewes 

Electrocardiogram in thyroid disease; Paul D. White and Joseph C. Aub 

Empyema and pneumonia at Camp Sevier; Warren T. Vaughan and 
Truman G. Schnabel........ phe bneebustcnednbeteshackseewteneakentad 

Empyema at Camp Upton, study of 80 cases of; Harlow Brooks and 
NED a, SEE a a vba acUs<tvnennbeitetons+asecseedeweeeelceis 

Endocarditis, acute, following war wounds including notes of heart weight 
and arteriosclerosis in soldiers; Howard T. Karsner................. 

Ethylhydrocuprein, effect of continuous intravenous injections of, on 
experimental pneumococcus infections of rabbits; Julian H. Lewis.. 

Fat, comparative food value of protein, alcohol and, in diabetes mellitus 
as measured by the nitrogen equilibrium; Herman O. Mosenthal and 
George A. Harrop, Jr........ duudserneRinneweSaeechdnate ee eee 


Fever, excretion of creatin, creatinin and uric acid in acute febrile con- 


= Gi, tae le ban enue trdbhwenetbadeeekaltavnebanen wuaeate 
Freyhof, William L.: Neurocirculatory asthenia.....................0.6- 
Friedlander, Alfred: Neurocirculatory asthenia......................e00e- 
Frissell, Lewis F.: Value of tests of kidney function; a discussion of 


kidney functional tests with especial reference to their prognostic value 
Frothingham, Channing: Studies on renal function during and immedi- 
ately following some of the acute infectious diseases............... 
Ginsburg, Harry: Physiology of the stomach. Studies on control of 
RE Ge; a i dc 044 areca eked eke dba dedutedsscsnesecdyeuciveial 


PAGI 


719 


719 


45 


766 


440 


269 


296 


uw" 
so 
ww 


750 


719 
693 


693 











INDEX TO VOLUME XXIl 


PAGE 
Glycosuria, alimentary renal; Kingo Goto.. eee Ter jue 
Goiter, simple, prevention of, in man; O. P. Kimball and David Marine.. 41 


Goodpasture, Ernest W.: Occlusion of the entire inferior vena cava by 
hypernephroma, with thrombosis of the hepatic vein and its branches 86 


Goto, Kingo: Alimentary renal glycosuria..................e0005: peas 96 
ae ae RO re err rT Tre ee Oe ee 
Hall, Maurice C.: Experimental study of serum therapy in trichinosis.. 601 
Harris, Louis I.: Clinical study of frequency of lead, turpentine and 
benzin poisoning in 400 painters........... ey eee asks ion ae 


Harrop, George A., Jr.: Food value of protein, fat and alcohol in dia 


betes mellitus as measured by the nitrogen equilibrium..... toa Pee 750 
Heart beat, voluntary acceleration of; Howard F. West and William E 
EES a ENS ee, eee eS a ee iene thceveluereeak 290 


Heart murmurs, clinical registration of, by direct method; Carl J. Wiggers 28 
Hemochromatosis, metabolism in a case of; C. W. McClure.............. 610 


f ammonia 


Howland, John: Influence of acid phosphate on elimination 


RE CEKL Fat ha ASSUThSs Pete ddbnS el een decdsetekedesenseseuuciasas 477 
Hunger, control of, by drugs. Contributions to physiology of stomach; 
Harry Ginsburg and Isidor Tumpowsky.............. 553 
Hunt, J. Ramsay: Primary atrophy of the pallidal system of the corpus 
I iti tidageanridds docebeiuensees pa nnlicarenat aco ale nach Brace 647 
Infectious diseases, acute, studies on renal function during and immedi 
ately following; Channing Frothingham.................... ee 
Isaacson, V. I.: Blood sugar in thyroid and other endocrine diseases..... 160 
Isaacson, V. I.: Influence of thyroidectomy and thyroid disease on pro- 
a IE aw kc Pah adwd's beech cnnesus caved kicbel ede beasee ces ieae 174 
Jacobson, Victor C.: Occlusion of the entire inferior vena cava by hyper- 
nephroma, with thrombosis of the hepatic vein and its branches..... 86 


Janney, N. W.: Blood sugar in thyroid and other endocrine diseases... 160 


Janney, N. W.: Influence of thyroidectomy and thyroid diseases on pro- 


Sy Te Ea UD ee Pe re eee 174 
Janney, N. W.: Studies in thyroid therapy... .........ccccccscccccssccccs 187 
Karsner, Howard T.: Acute endocarditis following war wounds......... 296 
Kast, Ludwig: Concentration of urea in human blood................... 581 
Kidney function is measured by elimination of fluids, salt and nitrogen 

and specific gravity of urine; Herman O. Mosenthal........ vas beta 770 
Kidney function during and immediately following some acute infectious 

diseases, studies on; Channing Frothingham......................... 74 
Kidney function, value of tests of; discussion with especial reference to 

prognostic value; Lewis F. Frissell and Karl M. Vogel............... 56 
Kidney, hypernephroma of, occlusion of entire inferior vena cava by, with 

thrombosis of hepatic vein and its branches; Victor C. Jacobson and 

Se inka aie Sas bec alachinin y Salas ohenin dni are beael a 86 
Kimball, O. P.: The prevention of simple goiter in man.................. 41 


Lead, turpentine and benzin poisoning in 400 painters, clinical study of fre- 
quency of; Louis I. Harris........ ieledesdcsbapeedssewetns reds as 129 








INDEX TO VOLUME XXIl 





PAGE 
Lewis, Julian H.: Effect of continuous intravenous injections of ethyl- 
hydrocuprein on experimental injections of rabbits................... 593 
McClure, C. W.: Excretion of creatin, creatinin and uric acid in acute 
RED CORR cin.cikdon cedbnehestecaneowerstisatsbserdeietedis 719 
McClure, C. W.: Metabolism in a case of hemochromatosis.............. 610 
McJunkin, F. A.: Practical identification of endothelial leukocytes in dif- 
a Een See ere ee 157 
McMeans, J. W.: Concerning the gastric lesions observed in experimental 
GUE. ceiwitadssucavnecenens —TEETTTTTLITT TTT rit TTT TTT 114 
McMeans, J. W.: Experimental bacteremia........... ietana tiueeneeenen 617 
Marine, David: The prevention of simple goiter in man........ rosa 41 
Marriott, W. McKim: Influence of acid phosphate on elimination of 
SUONEE TO WEB. a vccntccuccouds isebanchhdsueusndaseedsweeeseuent 477 
Revers, Jase: Papeleieay of Che Ste. sa ciccndcindadasevcdsisevesss 759 
Mosenthal, Herman O.: Food value of protein, fat and alcohol in dia- 
betes mellitus as measured by nitrogen equilibrium................. 750 
Mosenthal, Herman O.: Renal function as measured by elimination of 
fluids, salt and nitrogen and the specific gravity of the urine....... 770 
Mumps, epidemic of, at Camp Wheeler, October, 1917-March, 1918; 
a si as sa a nso aes eh ins ok a aed Goth dn halle Wea a el ae ea 354 
Nephritis, acute, study of eight cases of; Dana W. Atchley.............. 370 
Neuhof, Selian: The clinical significance of the abnormally wide ven- 
tricular deviation in the electrocardiogram..... pt bce dames metab 45 
Neymann, Clarence A.: Treatment of general paresis..... oe ee 245 
Olkon, D. M.: Effect of thymus gland injection on growth............... 815 
Painters, clinical study of frequency of lead, turpentine and benzin poison- 
ing in four hundred painters; Louis I. Harris.............. eveneireye 129 
Paralysis agitans, nature and pathology of; J. Ramsay Hunt............. 647 
Paralysis, general, treatment of; Clarence A. Neymann and Nathaniel H 
ED «005d kkdedheeSS eis endnesbavicverdeiebhevettive ned birnewaae 245 
Phillips, Bruce G.: Clinical study of pneumonia based on 871 cases..... 409 
Pneumococcus infections, experimental, effect of continuous intravenous 
injections of ethylhydrocuprein on, of rabbits; Julian H. Lewis...... 593 
Pneumonia and empyema at Camp Sevier; Warren T. Vaughan and | 
Zrmman (. SEMMBDE...ccccccee (atiicnnwhh tdi sir scsihaiamodaiaeeek och 440) 


Pneumonia, clinical study of, based on 871 cases; Willard J. Stone, Bruce 
Ge. Fees GS Feet Fa BD kieviwecwecsnsavecevces ihvnnes ne Mee ' 


Poliomyelitis, acute, pathologic report on forty-three cases of; H. L 


re rininishes te anahae Cie wetheteds 312 
Protein, comparative food value of fat, alcohol and, in diabetes mellitus 

as measured by the nitrogen equilibrium; Herman O. Mosenthal and 

CD Tes SONS Deir anadedawsecnscneess des catusyeassahideneeabans 750 


Protein metabolites, influence of thyroidectomy and thyroid diseases on; 


N. W. Janney and V. I. Isaacson.............. iedRs ebaseeneseh nna 174 
Protein therapy, nonspecific, in treatment of arthritis, clinical report of; 


Bi I i od wnecedeekeceas cececdisanadeenstacinonsdaaskeenesawene 











INDEX TO VOLUME XXII 


PAGE 
Proteins, treatment of bronchial asthma with; I. Chandler Walker....... 466 
Rackemann, Francis M.: Clinical study of 150 cases of bronchial asthma 517 
Radin, M. J.: Epidemic of mumps at Camp Wheeler, October, 1917- 
PE. Canta hentnes Kb ccakhnnaceanedcede Wn sheehueaee —<seu ae 
Retinger, J. M.: Serologic localization of organic brain lesions inna 
Savage, William E.: Voluntary acceleration of heart beat..... iaawd ane ae 
Schnabel, Truman G.: Pneumonia and empyema at Camp Sevier......... 440 
a Tay. Gack Sis a wectectddnands chsdansen in nle palates ne . 82 
Shock, blood in; C. C. Guthrie.......... = js tme veeuns belli ] 
Smith, Fred M Ligation of coronary arteries with electrocardiographic 
BS iidaccbubeadiloreuads dantunnicedet? (‘enbteeeteetvesateinhesnes va 8 
Snyder, R. G Nonspecific protein therapy in treatment of arthritis... 240 
Stomach, contributions to physiology of; Control of hunger by drugs; 
Harry Ginsburg and Isidor Tumpowsky........... " ee 
Stomach, physiology of, contributions to; Jacob Meyer.................. 759 
Stone, Willard J.: Clinical study of pneumonia based on 871 cases...... 409 
Tachycardia of unknown origin; Theodore B. Barringer, Jr...... .. 805 
Tachycardia, paroxysmal, characterized by unusual control of the fast 
rhythm; Edward Perkins Carter and Alfred M. Wedd.. 571 
Thymus gland injection, effect of, on growth and behavior of guinea-pig; 
D. M. Olkon........ jauenadess tenance A ee ee a 


Thyroid, blood sugar in thyroid and other endocrine diseases; signifi- 
cance of hypoglycemia and delayed blood sugar curve; N. W. Janney 
ane VV. Eb. MOR csc cccie vegas aAid a tana a pineal pie ere 160 

Thyroid disease, electrocardiogram in; Paul D. White and Joseph C. Aub 766 

Thyroid diseases and thyroidectomy, influence of, on protein metabolites; 

N. W. Janney and V. I. Isaacson..... nea 174 


y 


Thyroid therapy, studies in; effects of thyroid hormone as determined | 
clinical metabolic and dietetic investigation. New points of view on 
thyroid function in health and disease; N. W. Janney ate : 187 


Thyroidectomy and thyroid diseases, influence of, on protein metabolites; 


N. W. Janney and V. I. Isaacson..... , .. 174 
Trichinosis, serum therapy in, experimental study of; Maurice C. Hall 

and Meyer Wigdor..... —e ; 601 
Tumpowsky, Isidor: Physiology of the stomach. Studies on control of 

hunger by drugs 553 
Turpentine, benzin and lead poisoning in four hundred painters, clinical 

study of frequency of; Louis I. Harris ewe 129 
Uric acid, excretion of creatin, creatinin and, in acute febrile conditions; 

C. W. McClure atid ielaiih tal aca Gwe nies ee eee ‘ 719 
Urine, elimination of ammonia in, influence of acid phosphate on; 

W. McKim Marriott and John Howland - ‘ cx 477 
Urine, renal function as measured by elimination of fluids, salt and nitrogen 

and specific gravity of urine; Herman O. Mosenthal <n. 


Vaughan, Warren T.: Pneumonia and empyema at Camp Sevier .. 440 








INDEX TO VOLUME XXIil 


Vena cava, occlusion of entire inferior, by hypernephroma, with throm- 
bosis of hepatic vein and its branches; Victor C. Jacobson and 
mareenet We. GORING, <p cccccincusdsseces Ried dees 

Vogel, Karl M.: Nature and interpretation of colloidal gold reaction.... 

Vogel, Karl M.: The value of tests of kidney function; a discussion of 
kidney functional tests with especial reference to their prognostic value 


Walker, I. Chandler: Treatment of bronchial asthma with proteins.... 


Wardell, Emma L.: Concentration of urea in human blood.............. 
Wedd, Alfred M.: Case of paroxysmal tachycardia characterized by 

wmeuel costved of Che Gast. SGe sc ccvenwtescccecccentscosensccess 
West, Howard F.: Voluntary acceleration of heart beat................. 


Wigdor, Meyer: Experimental study of serum therapy in trichinosis.... 
Wiggers, Carl J.: Clinical registration of cardiac murmurs by the direct 
CE 606 0bcnnedce5e sn puekretndhs1enensbdaSennendecsunse csedewanee 


White, Paul D.: Electrocardiogram in thyroid disease................. 


PAGE 


86 





| 


























CONTENTS OF VOLUME XXII 


OCTOBER, 1918. NUMBER 4 PAGE 


A Curmicat Srupy or mMoNIA Basep on Eicur Hunprep AND 
Seventy-One Cases. Witrarp J. Stone, M.D., Torepo, Onto; Bruce 
G. Puniirs, M.D., anp Watter P. Buss, M.D., New Yorx 

PNEUMONIA AND EMPYEMA at Camp Sevier. Warren T. Vaucnan, M.D., 
Ann Arson, Micu., anp Truman G. Scunaser, M.D. Parapecenra 440 

Tue Treatment or Browcniat AstHma witn Proteins. I. CHANDLER 


Tue Inrtvence or Actip ProspHate on THE ELIMINATION OF AMMONIA 
in THE Urtwe. W. McKim Manregiorr, M.D. Sr. Louis, ann Joun 
How anv, M.D. BavtiMore 

Borutism: A FurrHer or Cases Occurrinc mx tHE Paciric Coast 
States. Ernest C, nw, M.D., San Frawnctsco 

Tue Nature AND INTERPRETATION oF THE CoLLomat Gotp Reaction. Kari 
M. Vocer, M.D. N Yorx 

A Curica. Stupy or ¢ Huworep anp Firry Cases or BroncHiat 
Astama. Francis M. Racxemann, M.D., Boston 





NOVEMBER, 1918. NUMBER 5 


CONTRIBUTIONS TO THE PHysioLocy or THE S1omacH. Srupies on THE Con- 
Tro. or Huncer sy Drucs. Harry Grnssurc, S.B., anp Ismor Tum- 
powsky, S.M., M.D., 

Report or A CASE or ParoxysmaAL TACHYCARDIA CHARACTERIZED BY UNUSUAL 
Conrrot or Tor Fast Ruytum. Epwarp Perxins Carter, M.D., Batti- 
moRE, AND Atrrep M. Wenn, M.D., PirtssurcH 

REMARKS ON THE CONCENTRATION oF Urea 18 Human Buioop. Lupwic 
Kast, M.D., anp Emusa L. Warpett, M.S., New Yorx 

Tae Errecr or Continvous Intravenous Injections or Ernytaypro- 
CUPREIN ON EXPERIMENTAL PNeUMococcus INrections or Rassits 
Jutran H. Lewis, M.D., Caicaco 

An Expertmentat Stupy or Serum THerapy tn TRICHINOSIS. 

C. Haut, Pa.D., anp Meyer Wicpor, M.A., D 

METABOLISM IN A CASE oF Hemocmromatosis. C. 
Boston 

EXperIMENTAL Bacteremia. J. W. McMeans, M.D., Pirrssurcn 

Parmmary AtRopHY oF THE PauimaL System or tHE Corpus SrriaTtuM. 
A ConrTrisuTion To THE Nature ANv PatHotocy or Paratysis AGITANS. 
J. Ramsay Hunt, M.D., New Yorx 

Boox Review: Mepicat War Manvat No. 6 





DECEMBER, 1918. NUMBER 6 


Intensive Stupy or Firry Cases or Neurocircu.atory ASTHENIA. ALFRED 
Ferepianper, M.D. anp Wittiam L. Freyuor, M.D., Camp SHERMAN, 
Oxn10 

Tue Excretion or Caeatin, Creatinin, AnD Uric Actip rn Acute Fepere 
Conprrions. C. W. McCiure, M.D. Beruienem, Pa 

Tue Comparative Foop Value or Prorein, Fat ann Axtconot in Drasetes 
Metuirus AS Measurep By THE Nitrocen Eogumisrrum. Herman O. 
Mosentsat, M.D., anp Georce A: Harrop, Jr, M.D. Bactimore.... 750 

CoNnTRIBUTIONS TO THE PaysioLocy or THe Stomacu, Jacos Meyer, M.S., 
M.D., Cuicaco 

Tue ExecrrocarpiockaM in Tuyrom Disease. Paut D. Wurtz, M.D. 
anp Josepn C. Aus, M.D., Boston 

Renat Function as Measvrep spy THE ELIMINATION or FLUms, SALT AND 
NirrRoGeN, AND THE Speciric Gravity or tHE Urine. Herman O. 
Mosentuat, M.D., Camp Gornon, Atianta, Ga 

TAcHYcARDIA OF UNKNown Oricin. Tureopore B. Barrincer, Jr. M.D. 


Tue Errect or Taymus GLanp Inyecrion on THE GrowTH AND BEHAVIOR 
or THe Guingea-Pic. D. M. Orxon, M.D., Cuicaco 








CONTENTS 





PAGE 
Inwrensive Srupy or Fiery Cases or N. Astuenis. ALFRED 
Frrepuanver, M.D, ann Wrt1Mm L. Frevnor, .. Came SHERMAN, 
ED. oss «nn op ually La teats 4s a ck cee TRF es 4 oncom weke ¢ 693 
Tue Excretion or Careatin, Creatinin, ann Unie Aci mx Acute Feseie 
Conprrions. C. W. McCruves, M.D, Bernuemem, Pa............:.. 719 


Tae Comparative Foon Vatur or Prorern, Fat ap Atconor in Drasetes 
Meturrus as Measurep sy THE Niraocen Equtimerum. Herman O. 
Mosentuar, M.D., anp Grorce A. Harrop, Ja, M.D., Barrimore.... 750 


ConTRIBUTIONS TO THE PHystoLocy or THE StomacH, Jacon Mever, MS. 


BO NCMICAGO.. cee tetas us ova Abd banc oe) dice ak Pins caecb ckwe 759 
Tae ExvecrrocagpiocraM IN Tuyrom Disease. PAvt D. Warre, M.D. 
amp Joseru C. Aum MD.) Bosron.........cicleccien ec cc. sec sdeccaee 766 


Rewat Funcrion as Measurep sy rae Eximmatron or Fi.ums, Sart anp 
Nrrrocen, AND THE Spectric Gravrry or tHe Urine. Herman O. 
Mosewrnat, M.D., Camp Gonpon, Atranta, Ga...........000.0.005- 770 


Tacuycarpia or Unxwown Onriarn. Tueovore B. Barrincer, Je, M.D. 
BURG WORK. « jaded techy a adie Bs + daha caked cas'n oc Bod a» cadena da 805 


Tue Errect or Taymus Gtanp Injection on THe Growrn anv BeHavion 
or THE GuinweA-Pic. D. M. Oxxonm, M.D. Curcaco.................0- 815 





Tae Aacuives or Internat Mepictne is issued monthly’ Two volumes are 
published annually. 
Manuscripts offered for publication and other correspondence relating to the 
editorial management of THe Arcutves should be sent to Dr. Joseph L. Miller, 
Boulevard, Communications 


regarding 
tions, reprints, etc., should be addressed to Tw Agcutves or INTERNAL MeDIcINE, 
American Medical Association, 535 North Dearborn Street, Chicago. 
Footnotes and bibliographies should conform to the style of the Index 
Medicus or to that of the Index-Catalogue of the Surgeon General’s Library. 
It is specially requested that the titles of articles and the exact date of issues, 
year, volume and page, be given in each case. Contributors are requested not 
to furnish bibliographies which are unnecessary, or mere clerical compilations. 
On receipt of 10 cents the American Medical Association will send a 
entitled “Suggestions to Medical. Authors,” containing suggestions to 
on the preparation of manuscripts, rules for footnotes and bibliographies and 
a list of several hundred medical periodicals of the world, with approved 
abbreviations of each. 
Authors will receive one hundred reprints free; additionai copies may be 
obtained at cost. $5.00 
The domesiic subscription price per year of two volumes is ; Canadian 
rate es foreign rate Fcc (23 thi ngs, 23 marks, 28 francs); including 
Single copies 50c 
Pe atake checks, ete., payable to the AMERICAN MEDICAL ASSOCIATION. 

















